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(57) Abstract: The present invention relates to 
eukaiyotic host cells, especially lower eukaryotic host 
cells, having modified oligosaccharides which may be 
modified further by heterologous expression of a set 
of glycosyltransferases, sugar and sugar nucleotide 
transporters to become host-strains for the production of 
mammalian, e.g., human therapeutic glycoproteins. The 
process provides an engineered host cell which can be 
used to express and target any desirable gene(s) involved 
in glycosylation. Host cells with modified lipid-linked 
oligosaccharides are created or selected. N-glycans 
made in the engineered host cells exhibit Gn'l lLL, GnTTV, 
GnTV, GnT VI or GnTIX activity, which produce bisected 
and/or multiantennary N-glycan stmctures and may be 
modified further by heterologous expression of one or 
more enzymes, e.g., glycosyltransferases, sugar, sugar 
nucleotide transporters, to yield human-like glycoproteins. 
For the production of therapeutic proteins, this method 
may be adapted to engineer cell lines in which any desired 
glycosylation structure may be obtained. 
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PRODUCTION OF MODIFIED GLYCOPROTEINS HAVING 
• MULTIPLE ANTENNARY STRUCTURES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-pait of U. S. Application No. 
5 1 0/680,963, filed on Oct. 7, 2003, which is a continuation-in-part of U. S. 

Application No. 10/371,877, filed on Feb. 20, 2003, which is a continuation-in-part 
of U. S. Application No. 09/892,591, filed June 27, 2001, which claims the benefit 
under 35 U.S.C. § 119(e) of U.S. Provisional Application No. 60/214,358, filed 
June 28, 2000, U.S. Provisional Application No. 60/215,638, filed June 30, 2000, 
10 and U.S. Provisional Application No. 60/279,997, filed March 30, 2001, each of 
which is incorporated herein by reference in its entirety. This implication is also a 
continuation-in-part of PCT/US02/41510, filed on December 24, 2002, which 
claims the benefit of U. S. Provisional Application No. 60/344,169, filed on Dec. 
27, 2001, each of which is incorporated herein by reference in its entirety. 

15 

FIELD OF THE INVENTION 

[0002] The present invention is directed to me&ods and compositions by which 
non-human eukaryotic host cells, such as fimgi or other eukaryotic cells, can be 
genetically modified to produce glycosylated proteins (glycoproteins) having 
20 patterns of glycosylation similar to those of glycoproteins produced by animal 
cells, especially human cells, which are usefiil as human or animal therapeutic 
agents. 

I 
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BACKGROUND OF THE INVENTION 

Glycosylation Pathways in Humans and Lower Eukaryotes 

[0003] After DNA is transcribed and translated into a protein, further post- 
translational processing involves the attachment of sugar residues, a process known 
5 as glycosylation. Different organisms produce different glycosylation enzymes 
(glycosyltrainsferases and glycosidases), and have difTerent substrates (nucleotide 
sugars) available, so that the glycosylation patterns as well as composition of the 
individual oligosaccharides, even of the same protein, will be different depending 
on the host system in which the particular protein is being expressed. Bacteria 

10 typically do not glycosylate proteins, and if so only in a very unspecific manner 
(MoensmdYdndQTloyden (1997) Arch Microbiol, 168(3):169-175), Lower 
eukaryotes such as filamentous fungi and yeast add primarily mannose and 
mannosylphosphate sugars. The resulting glycan is known as a **high-mannose" 
type glycan or a mannan. Plant cells and insect cells (such as Sf9 cells) 

1 5 glycosylate proteins in yet another way. By contrast, in higher eukaryotes such as 
humans, the nascent oligosaccharide side chain may be trimmed to remove several 
mannose residues and elongated with additional sugar residues that typically are 
not found in the AT-glycans of lower eukaryotes. See, e.g., Bretthauer, et ai (1999) 
Biotechnology and Applied Biochemistry 30:193-200; Martinet, et al (1998) 

20 Biotechnology Letters 20:1171-1177; Weikert, et al (1999) Nature Biotechnology, 
17:1116-1121; M. Malissard, etal i^OOO) Biochemical and Biophysical Research 
Communications 267 : 1 69- 1 73 ; Jarvis, etal, {199^) Current Opinion in 
Biotechnology 9:528-533; and Takeuchi (1997) Trends in Glycoscience and 
Glycotechnology 9:S29-S35. 

25 [0004] Synthesis of a mammalian-type oligosaccharide stmcture begins with a 
set of sequential reactions in the course of which sugar residues are added and 
removed while the protein moves along the secretory pathway in the host 
organism. The enzymes which reside along the glycosylation pathway of the host 
organism or cell determine the resulting glycosylation patterns of secreted proteins. 

30 Thus, the resulting glycosylation pattem of proteins expressed in lower eukaryotic 
host cells differs substantially from the glycosylation pattem of proteins expressed 



2 



wo 2004/074461 



PCT/US2004/005191 



in higher eukaryotes such as humans and other mammals (Bretthauer, 1999). The 
structure of a typical fungal iV^glycan is shown in Figure 1 A. 
[0005] The early steps of human glycosylation can be divided into at least two 
different phases: (i) lipid-linked Glc3Man9GlcNAc2 oligosaccharides are assembled 
5 by a sequential set of reactions at the membrane of the endoplasmic reticulum (ER) 
(Figure 13) and (ii) the transfer of this oligosaccharide &om the lipid anchor 
dolichyl pyrophosphate onto de novo synthesized protein. The site of the specific 
transfer is defined by an asparagine (Asn) residue in the sequence Asn-Xaa- 
Ser/Thr (SEQ ID NOs: 1 and 2) where Xaa can be any amino acid except prolme 

10 (Gavel and von Heijne (1990) Protein Eng, 3:433-42). Further processing by 

glucosidases and mannosidases occurs in the ER before the nascent glycoprotein is 
transferred to the early Golgi apparatus, where additional mannose residues are 
removed by Golgi specific alpha (a)-l,2-mannosidases. Processing continues as 
the protein proceeds through the Golgi. In the medial Golgi, a number of 

15 modifying enzymes, including //-acetylglucosaminyl transferases (GnTI, GnTII, 
GnTni, GnTIV and GnTV), mannosidase n and fucosyltransferases, add and 
remove specific sugar residues. Finally, in the trans-Golgi, galactosyltranferases 
(GalT) and sialyl transferases (ST) produce a glycoprotein structure that is released 
fcom the Golgi. It is this stracture, characterized by bi-, tri- and tetra-antennary 

20 structures, containing galactose, fiicose, N-acetylglucosamine and a high degree of 
terminal sialic acid, that gives glycoproteins their human characteristics. The 
structure of a typical human iV^glycan is shown in Figure IB. See also Figures 14 
and 15 for steps involved in mammalian-type TST-glycan processing. 
[0006] In all eiikaryotes studied to date, glycoproteins are derived fi'om a 

25 common lipid-liriked oligosaccharide precursor Glc3Man9GlcNAc2-dolichol- 
pyrophosphate. Within the endoplasmic reticulum, synthesis and processing of 
dolichol pyrophosphate bound oligosaccharides are identical between all known 
eukaryotes. However, fiurther processing of the core oligosaccharide by fimgal 
cells, e.g., yeast, differs significantly firom humans as it moves along the secretory 

30 pathway. 

[0007] In yeast, these steps are catalyzed by Golgi residing mannosyl- 
transferases, Uke Ochlp, Mntlp and Mnnlp, which sequentially add mannose 
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sugars to the core oligosaccharide. The resulting structure is undesirable for the 
production of human-like proteins and it is thus desirable to reduce or eliminate 
mannosyltransferase activity. . Mutants of S. cerevisiae, deficient in maimosyl- 
transferase activity (for example ochl or mm9 mutants) have been shown to be 
5 non-lethal and display reduced mannose content in the oligosaccharide of yeast 
glycoproteins. Other oligosaccharide processing enzymes, such as 
. mannosylphosphate transferases, may also have to be eliminated depending on the 
host' s particular glycosylation pathways, 

1 0 Sugar Nucleotide Precursors 

[0008] The A^-glycans of animal glycoproteins typically include galactose, 
fucose, and terminal sialic acid. These sugars are not found on glycoproteins 
produced in yeast and filamentous fiingi. In humans, the fiill range of nucleotide 
sugar precursors (e.g., UDP-7V-acetylglucosamine, UDP-A^-acetylgalactosamine, 

15 CMP-7V-acetylneuraminic acid, UDP- galactose, GDP-fucose, etc.) are synthesized 
in the cytosol and transported into the Golgi, where they are attached to the core 
oligosaccharide by glycosyltransferases. (Sommers and Hirschberg (1981) J. Cell 
Biol. 91(2):A406-A406; Sommers and Hirschberg (1982)/. Biol. Chem. 
257(18):81 1-817; Perez and Hirschberg (1987) Methods in Enzymology 138:709- 

20 715). 

[0009] Glycosyl transfer reactions typically yield a side product which is a 
nucleoside diphosphate or monophosphate. While monophosphates can be directly 
exported in exchange for nucleoside triphosphate sugars by an antiport mechanism, 
diphosphonucleosides (e.g., GDP) have to be cleaved by phosphatases (e.g. 

25 GDPase) to yield nucleoside monophosphates and inorganic phosphate prior to 
being exported. This reaction is important for efficient glycosylation; for example, 
GDPase from Saccharomyces cerevisiae (S. cerevisiae) has been found to be 
necessary for mannosylation. However that GDPase has 90% reduced activity 
toward UDP (Beminsone et al (1994) Biol Chem. 269(1):207-21 1). Lower 

30 eukaryotes typically lack UDP-specific diphosphatase activity in the Grolgi since 
they do not utilize UDP-sugar precursors for Golgi-based glycoprotein synthesis. 
Schizosaccharomyces pombe, a yeast found to add galactose residues to cell wall 
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polysaccharides (from UDP-galactose) has been found to have specific UDPase 
activity, indicating the potential requirement for such an enzyme (Beminsone et al 
(1994) J, Biol Chem. 269(1):207-21 1). UDP is knov^ to be a potent inhibitor of 
glycosyltransferases and the removal of this glycosylation side product may be 
5 important to prevent glycosyl-transferase inhibition in the lumen of the Golgi 
(Khatara et al (1974) Euk 1 Biochem. 44:537-560). See Beminsone et al (1995) 
J. Biol Chem. 270(24): 14564-14567; Beaudet et al {\99Z) Abe Transporters: 
Biochemical Cellular, and Molecular Aspects 292\ 397-413. 

10 Sequential Processing of iV-glycans by Compartmentalized Enzyme Activities 

[0010] Sugar transferases and glycosidases {e.g. , mannosidases) line the inner 
(luminal) surface of the ER and Golgi apparatus and thereby provide a "catalytic" 
surface that allows for the sequential processing of glycoproteins as they proceed 
through the ER and Golgi network. The multiple compartments of the cis, medial, 

15 and trans Golgi and the trans-Golgi Network (TGN), provide the different 

localities in which the ordered sequence of glycosylation reactions can take place. 
As a glycoprotem proceeds from syntiiesis in the ER to full maturation in the late 
Golgi or TGN, it is sequentially exposed to different glucosidases, maimosidases 
and glycosyltransferases such that a specific carbohydrate structure may be 

20 synthesized. Much work has been dedicated to revealing the exact mechanism by 
which these razymes are retained and anchored to their respective organelle. The 
evolving picture is complex but evidence suggests that stCTi region, membrane 
spanning region and cytoplasmic tail, individually or in concert, direct enzymes to 
the membrane of individual organelles and thereby localize the associated catalytic 

25 domain to that locus {see, e.g., Gleeson (1998) Histochem, Cell Biol 109:517- 
532). 

[0011] In some cases, these specific interactions were foimd to function across 
species. For example, the membrane spanning domain of a2,6-ST from rats, an 
enzyme known to locaUze in the trans-Golgi of the animal, was shown to also 
30 localize a reporter gene (invertase) in the yeast Golgi (Schwientek et al (1995) J, 
Biol Chem. 270(10):5483-9). However, the very same membrane spanning 
domain as part of a fiill-length a2,6-ST was retained in the ER and not further 
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transported to the Golgi of yeast (Krezdom et al (1994) Eur J, Biochem. 
220(3):809-17)» Full length GalT from humans was not even synthesized in yeast, 
despite demonstrably high transcription levels. In contrast, the transmembrane 
region of the same himian GalT fused to an invertase reports was able to direct 
5 localization to the yeast Golgi, albeit it at low levels. Schwientek and co-workers 
have shown that fusing 28 ammo acids of a yeast mannosyltransferase (MNTI), a 
region containing a cytoplasmic tail, a transmembrane region and eight amino 
acids of the stem region, to the catalytic domain of human GalT are sufficient for 
. Golgi localization of an active GalT. Other galactosyltransferases appear to rely 

10 on interactions with enzymes resident in particular organelles because, after 
removal of their transmembrane region, they are still able to localize properly. 
[0012] Improper localization of a glycosylation enzyme may prevent proper 
functioning of the enzyme in the pathway. For example, Aspergillus nidulanSy 
which has numerous a'l,2-mannosidases (Eades and Hintz (2000) Gene 

15 255(l):25-34), does not add GlcNAc to Man5GlcNAc2 when transformed with the 
rabbit GnTI gene, despite a high overall level of GnTI activity (Kalsner et al 
{1995) Glycoconj, J, 12(3):360-370). GnTI, although actively expressed, may be 
incorrectly localized such that the enzyme is not in contact with both of its 
substrates: UDP-GlcNAc and a productive MansGlcNAca substrate (not all 

20 Man5GlcNAc2 structures are productive; see below). Altematively, the host 

organism may not provide an adequate level of UDP-GlcNAc in the Golgi or the 
enzyme may be properly localized but nevertheless inactive in its new 
environment. In addition, MansGlcNAca structures present in the host cell may 
differ in structure from MansGlcNAca found in manmials. Maras and coworkers 

25 found that about one third of the iV^glycans from cellobiohydrolase I (CBHI) 
obtained from Treesei can be trimmed to Man5GlcNAc2 by Asaitoi 1,2 
mannosidase in vitro. Fewer than 1% of those iV^glycans, however, could serve as 
a productive substrate for GnTI. Maras et al (1997) Eur, J, Biochem. 249:701- 
707. The mere presence of Man5GlcNAc2, therefore, does not assure that further 

30 in vivo processing of Man5GlcNAc2 can be achieved. It is formation of a 

productive, GnTI-reactive MansGlcNAca structure that is required. Although 
Man5GlcNAc2 could be produced in the cell (about 27 mol %), only a small 
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fraction could be converted to Man5GlcNAc2 (less than about 5%, see Chiba et al 
WO 01/14522). 

[0013] To date, there is no reliable way of predicting whether a particular 
heterologously expressed glycosyltransferase or mannosidase m a lower eukaryote 
5 will be (1), sufficiently translated (2), catalytically active or (3) located to the 
proper organelle within the secretory pathway. Because all tiiree of these are 
necessary to affect glycosylation patterns in lower eukaryotes, a systematic scheme 
to achieve the desired catalytic function and proper retention of enzymes in the 
absence of predictive tools, which are currently not available, would be desirable. 

10 

Production of Therapeutic Glycoproteins 

[0014] A significant number of proteins isolated from humans or animals are 
post-translationally modified, with glycosylation being one of the most significant 
modifications. An estimated 70% of all therapeutic proteins are glycosylated and 

1 S thus currently rely on a production system , host cell) that is able to glycosylate 
in a manner similar to humans. Several studies have shown that glycosylation 
plays an important role in determining the (1) immunogenicity, (2) 
pharmacokinetic properties, (3) trafficking, and (4) efficacy of therapeutic proteins. 
It is thus not surprising that substantial efforts by the pharmaceutical industry have 

20 been directed at developing processes to obtain glycoproteins that are as 

'liumanoid" or "human-like" as possible. To date, most glycoproteins are made in 
a mammalian host system. This may involve the genetic engineering of such 
mairunalian cells to enhance the degree of sialylation terminal addition of 
sialic acid) of proteins expressed by the cells, which is Imown to improve 

25 pharmacokinetic properties of such proteins. Alternatively, one may improve the 
degree of sialylation by in vitro addition of such sugars using known 
glycosyltransferases and their respective nucleotide sugars (e.g., 2,3- 
sialyltransferase and CMP-sialic acid). 

[0015] While most higher eukaryotes carry out glycosylation reactions that are 
30 similar to those found in humans, recombinant himian proteins* expressed in the 
above mentioned host systems invariably differ from their "natural" human 
counterpart (Raju et al (2000) Glycobiology 10(5): 477-486). Extensive 
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development work has thus been directed at finding ways to improve the "human 
character" of proteins made in these expression systems. This includes the 
optimization of fermentation conditions and the genetic modification of protein 
expression hosts by introducing genes encoding enzymes involved in the formation 
5 of human-like glycoforms. Goochee et al (1999) Biotechnology 9(12):1347-55; 
Andersen and Goochee (1994) Curr Opin BiotechnoL 5(5):546-49; Werner et al 
(1998) Arzneimittelforschung. 48(8):870-80; Weikert et al. (1999) Nat BiotechnoL 
17(1 1): 1 1 1 6-21 ; Yang and Butler (2000) Biotech. Bioeng. 68:370-80. Inherent 
problems associated with all mammalian expression systems have not been solved. 

10 

Glycoprotein Production Using Eukaryotic Microorganisms 

[0016] Although the core oligosaccharide structure transferred to a protein in the 
endoplasmic reticulmn is basically identical in mammals and lower eukaryotes, 
substantial differences have been found in the subsequent processing reactions 

15 \yhich occur in the Golgi apparatus of fungi and mammals. In fact, even amongst 
different lower eukaryotes there exist a great variety of glycosylation structures. 
This has historically prevented the use of lower eukaryotes as hosts for the 
production of recombinant human glycoproteins despite otheiwise notable 
advantages over mammalian expression systems. 

20 [0017] Therapeutic glycoproteins produced in a microorganism host such as 
yeast utilizing the endogenous host glycosylation pathway differ stmcturally firom 
those produced in mammalian cells and typically show greatly reduced therapeutic 
efiBcacy. Such glycoproteins are typically inmiunogenic in hxmians and show a 
reduced half-life (and thus bioactivity) in vivo after administration (Takeuchi 

25 (1997) Trends in Glycoscience and Glycotechnology 9:S29-S35). Specific 
receptors in humans and animals (i.e., macrophage mannose receptors) can. 
recognize terminal mannose residues and promote the rapid clearance of the 
foreign glycoprotein fi-om the bloodstream. Additional adverse effects may 
include changes in protein folding, solubility, susceptibility to proteases, 

30 trafficking, transport, compartmentahzation, secretion, recognition by other 
proteins or factors, antigenicity, or allergenicity. 
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[0018] Yeast and filamentous fungi have both been successfiilly used for the 
production of recombinant proteins, both intracellular and secreted (Cereghino and 
Cregg (2000) FEMS Microbiology Reviews 24(l):45-66; Harkki et al (1989) Bio- 
Technology 7{6):596; Berkaefa/. (1992) Abstr,Papers Amer. Chem, Soa 203:121- 
5 BIOT; Svetina et al. (2000) 7. Biotechnol 76(2-3):245-251). Various yeasts, such 
as AT. lactis, Pichia pastoris, Pichia methanolica, and Hansenula polymorpha, have 
played particularly important roles as eukaryotic expression systems because they 
are able to grow to high cell densities and secrete large quantities of recombinant 
protein. Likewise, filamentous fimgi, such as Aspergillus niger, Fusarium sp, 

10 Neurospora crassa and others, have been used to efiSciently produce glycoproteins 
at the industrial scale. However, as noted above, glycoprotems expressed in any of 
these eukaryotic microorganisms differ substantially in iV-glycan structure firom 
those in animals. This has prevented the use of yeast or filamentous fimgi as hosts 
for the production of many therapeutic glycoproteins. 

1 5 [0019] Although glycosylation in yeast and fungi is very different than in 

hiunans, some common elements are shared. The first step, the transfer of the core 
oligosaccharide structure to the nascent protein, is highly conserved in all 
eukaryotes including yeast, fungi, plants and humans (compare Figures 1 A and 
IB), Subsequent processing of the core oligosaccharide, however, differs 

20 significantly in yeast and involves the addition of several mannose sugars. This 
step is catalyzed by mannosyltransferases residing in the Golgi (e.g., OCHl, 
MNTl, MNNly etc.), which sequentially add mannose sugars to the core 
oligosaccharide. The resulting structure is undesirable for the production of 
humanoid proteins and it is thus desirable to reduce or eliminate 

25 nuumosyltransferase activity. Mutants of 51 cerevisiae deficient in 

mannosyltransferase activity (e.g;, ochl or mnn9 mutants) have shown to be non- 
lethal and display a reduced mannose content in the oligosaccharide of yeast 
glycoproteins. Other oligosaccharide processing enzymes, such as 
mannosylphosphate transferase, may also have to be eliminated depending on the 

30 host's particular endogenous glycosylation pattem. After reducing undesired 

endogenous glycosylation reactions, the formation of complex iV^glycans has to be 
engineered into the host system. This requires the stable expression of several 
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enzymes and sugar-nucleotide transporters. Moreover, one has to localize these 
enzymes so that a sequential processing of the maturing glycosylation structure is 
ensured. 

[0020] Several efforts have been made to modify the glycosylation pathways of 
5 eukaryotic microorganisms to provide glycoproteins more suitable for use as 
manomalian therapeutic agents. For example, several glycosyltransferases have 
been separately cloned and expressed in S. cerevisiae (GalT, GnTI), Aspergillus 
nidulans (GnTI) and other fungi (Yoshida et al (1999) Glycobiology 9(l):53-8, 
Kalsnerera/. (1995) G/ycocow/ J. 12(3):360-370). However, //-glycans 

1 0 resembling those made in human cells were not obtained. 

[002 1 J Yeasts produce a variety of mannosyltransferases (e.g. , 1 ,3- 
mannosyltransferases such as MNNl in S, cerevisiae; Graham and Emr (1991) /. 
Cell Biol 1 14(2):207-218), 1,2-mannosyltransferases {e.g., KTR/KRE family from 
S, cerevisiae), 1,6-mannosyltransferases {e.g, OCHl from 5. cerevisiae), 

1 5 mannosylphosphate transferases and their regulators {e.g, , MNN4 and MNN6 from 
S, cerevisiae) and additional enzymes that are involved in endogenous 
glycosylation reactions. Many of these genes have been deleted individually 
giving rise to viable organisms having altered glycosylation profiles. Examples are 
shown in Table 1. 

20 Table 1. Examples of yeast strains having altered mannosylation 



Strain 


iV-glycan (wild type) 


Mutation 


iV-elycan (mutant) 


Reference 


S. pombe 


Man>9GlcNAc2 


OCHl 


Man8GlcNAc2 


Yoko-o ei al, 
(2001) FEBS Lett, 
489(l):75-80 


S, cerevisiae 


Maii>9GlcNAc2 


OCHl/MNNl 


Maii8GlcNAc2 


Nakanishi-Shindo 
etal (1993) J. 

Biol Chem. 
268(35):26338- 
26345 


S, cerevisiae 


MaQ>9GlcNAc2 


OCH1/MNN1/MNN4 


MangGlcNAca 


ChibaeM/. (1998) 

/ Biol. Chem, 
273, 26298-26304 


P, pastoris 


Hyperglycosylated 


OCHl (complete 


Not 


Weifide, Japanese 






deletion) 


hyperglycosylated 


Application 
Publication No. 8- 
336387 


P. pastoris 


Maib8GlcNAc2 


OCHl (dismption) 


Mai^GlcNAc2 


Contreras et al 
WO 02/00856 A2 



10 



wo 2004/074461 



PCT/US2004/005191 



[0022] Japanese Patent Application Publication No. 8-336387 discloses the 
deletion of an OCHl homolog in Pichia pastoris. In S. cerevisiae, OCHl encodes 
a 1,6-mannosyltransferase, which adds a mannose to the glycan structure 
Man8GlcNAc2 to yield Man9GlcNAc2. The Man9GlcNAc2 structure, which 
5 contains three 1,6 mannose residues, is then a substrate for further 1,2-, 1,6-, and 
1,3- mannosyltransferases in vivo, leading to the hypennannosylated glycoproteins 
that are characteristic for 5. cerevisiae and which typically may have 30-40 
mannose residues per iV^glycan. Because the Ochlp initiates the transfer of 1,6 
mannose to the Maxi8GlcNAc2 core, it is often referred to as the "initiating 1,6 

10 mannosyltransferase" to distinguish it from other 1,6 mannosyltransferases acting 
later in the Golgi. In an ochl mnnl mnn4 mutant strain of S. cerevisiae, proteins 
glycosylated with Man8GlcNAc2 accumulate and hypermannosylation does not 
occur. However, Man8GlcNAc2 is not a substrate for manunalian 
glycosyltransferases, such as human UDP-GlcNAc transferase I, and accordingly, 

15 the use of that mutant strain, in itself, is not useful for producing mammalian-like 
proteins, /.e., those with complex or hybrid glycosylation patterns. 
[0023] One can trim Man8GlcNAc2 structures to a Man5GlcNAc2 isomer in S, 
cerevisiae (although high efficiency trimming greater than 50% /// vivo has yet to 
be demonstrated) by engineering a fungal mannosidase from A, saitoi into the 

20 endoplasmic reticulum (ER). The shortcomings of this approach are two-fold: (1) 
it is not clear whether the Man5GlcNAc2 structures formed are in fact fomied in 
vivo (rather than having been secreted and further modified by mannosidases 
outside the cell); and (2) it is not clear whether any Man5GlcNAc2 structures 
formed, if in fact formed in vivo, are the correct isoform to be a productive 

25 substrate for subsequent iV-glycan modification by GlcNAc transferase I (Maras et 
al (1997) £wr. J, Biochem. 249:701-707), 

[0024] With the objective of providing a more human-hke glycoprotem derived 
from a fungal host, U.S. Patent No. 5,834,251 discloses a method for producing a 
hybrid glycoprotein derived from Trichoderma reseet A hybrid iV-glycan has only 
30 mannose residues on the Manal-6 arm of the core mannose structure and one or 
two complex antennae on the Manal-3 arm. While this structure has utility, the 
method has the disadvantage that numerous enzymatic steps must be performed in 
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vitro, which is costly and time-consuming. Isolated enzymes are expensive to 
prepare and need costly substrates (e.g., UDP-GlcNAc). The method also does not 
allow for the production of complex glycans on a desired protein. 

S Intracellular Mannosidase Activity Involved in iV-glycan Trimming 

[0025] Alpha-l,2-mannosidase activity is required for the trinmiing of 
Man8GlcNAc2 to form MansGlcNAc2, which is a major intermediate for complex 
//-glycan formation in mammals. Previous work has shown that truncated murine, 
fungal and human a-l,2-mannosidase ca|i be expressed in the methylotropic yeast 

10 P. pastoris and display Man8GlcNAc2 to Man5GlcNAc2 trimming activity (Lai et 
al (1998) Glycobiology 8(10):9,81-95; Tremblay a/, (1998) Glycobiology 
8(6):585-95, Callewaert et al (2001) FEES Lett. 503(2-3):173-8). However, to 
date, no reports exist that show the high level in vivo trimming of Man8GlcNAc2 to 
Man5GlcNAc2 on a secreted glycoprotein from P. pastoris. 

15 [0026] Moreover, the mere presence of an ot-1 ,2-mannosidase in the cell does 
not, by itself, ensure proper intracellular trimming of Man8GlcNAc2 to 
Man5GlcNAc2. (See, e.g., Contreras et al. WO 02/00856 A2, in which an HDEL 
tagged mannosidase of T. reesei is localized primarily in the ER and co-expressed 
with an influenza haemagglutinin (HA) reporter protein on which virtually no 

20 Man5GlcNAc2 could be detected. See also Chiba et al. (1998) J. Biol. Chem. 
273(41): 26298-26304, in which a chimeric a-l,2-mannosidase/Ochlp 
transmembrane domain fusion locahzed in the ER, early Golgi and cytosol of jS*. 
cerevisiae^ had no mannosidase trimming activity). Accordingly, mere localization 
of a mannosidase in the ER or Golgi is insuflBcient to ensure activity of the 

25 respective enzyme in that targeted organelle. (See also. Martinet et al. (1998) 
Biotech, Letters 20(12): 1 171-1 177, showing that Qf-l,2-mannosidase from T. 
reesei, while localizing intracellularly, increased rather than decreased the extent 
of maimosylation). To date, there is no report that demonstrates the intracellular 
localization of an active heterologous Of-1,2- mannosidase in either yeast or fungi 

30 using a transmraibrane localization sequence. 

[0027] While it is useful to engineer strains that are able to produce 
Man5GlcNAc2 as the primary TV^glycan structure, any attempt to further modify 
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these high mannose precursor structures to more closely resemble human glycans 
requires additional in vivo or in vitro steps. Methods to further humanize glycans 
from fungal and yeast sources in vitro are described in U.S. Pat. No. 5,834,251 
{supra). If MansGlcNAca is to be further humanized in Wvo, one has to ensure that 
5 the generated MansGlcNAca structures are, in fact, generated intracellularly and 
not the product of mannosidase activity in the medium. Complex ^-glycan 
formation in yeast or fimgi will require high levels of Man5GlcNAc2 to be 
generated within the cell because only intracellular MansGlcNAc2 glycans can be 
further processed to hybrid and complex iV-glycans in vivo. In addition, one has to 

10 demonstrate that the majority of Man5GlcNAc2 structures generated are in fact a 
substrate for GnTI and thus allow the formation of hybrid and complex AT-glycans. 
[0028] Accordingly, the need exists for methods to produce glycoproteins 
characterized by a high intracellular Man5GlcNAc2 content which can be further 
processed into human-like glycoprotein structures in non-human eukaryotic host 

15 cells, and particularly in yeast and filamentous fungi. 

iV-Acetylglucosaminyltransferases 

[0029] AT-Acetylglucosaminyltransferases ("GnTs") belong to another class of 
glycosylation enzymes that modify iV^linked oligosaccharides in the secretory 

20 pathway. Such glycosyltransferases catalyze the transfer of a monosaccharide 
from specific sugar nucleotide donors onto particular hydroxyl position of a 
monosaccharide in a growing glycan chain in one of two possible anomeric 
linkages (eitiier aor jS). Dennis et al (1999) Bioessays 21(5):412-21. Specific 
GnTs add iV^acetylglucosamine ("GlcNAc") onto the Manal,6 arm or the Manal,3 

25 arm of an iV^glycan substrate (e.g., Man5GlcNAc2 C*mannose-5 core") and 
Man3GlcNAc2 (an "inner core structure")). The reaction product (e.g., 
GlcNAcMan5GlcNAc2 or GlcNAc2Man3GlcNAc2) can then be modified into bi-, 
tri-, tetra- and penta-antennary iV-linked oligosaccharide structures. 
[0030] //-Acetylglucosaminyltransferase HI ("GnTIH") is an enzyme that 

30 catalyzes the addition of a GlcNAc, on the middle mannose of the trimannose core 
(Manal,6 (Manal,3) Man /31,4 - GlcNAc /31,4 - GlcNAc /SI, 4 - Asn) of an Mlinked 
oUgosaccharide. The addition by GnTIH of a bisecting GlcNAc to an acceptor 
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substrate {e.g. trimaimose core) yields a so-called bisected iV-glycan. For example, 
the addition by GnTIII of a bisecting GIcNAc to the GlcNAcMan3GlcNAc2 
structure may yield a bisected AT-glycan, GlcNAcaManaGlcNAca. Similarly, the 
addition by GnTIH of a bisecting GlcNAc to a GlcNAc2Man3GlcNAc2 structure 

5 yields another bisected iV-glycan, GlcNAc3Man3GlcNAc2. This latter structure has 
been implicated in greater antibody-dependent cellular cytotoxicity (ADCC). 
Umana et al (1999) Nat. BiotechnoL 17(2):176-80, Other bisected //-glycans can 
be formed by the action of GnTin. For example, GlcNAcMan4GlcNAc2 can be 
converted to bisected GlcNAc2Man4GlcNAc2, Man5GlcNAc2 can be converted to 

1 0 bisected GlcN AcMan5GlcNAc2, and GlcNAcMan5GlcNAc2 can be converted to 
bisected GlcNAc2Man5GlcNAc2. See, eg., Narasimhan (1982) J. Biol Chem. 
257: 10235-42. Thus far, GnTin activity has only been shown in manmialian cells. 
[003 1 ] Re-engineering glycoforms of immunoglobulins expressed by 
manmialian cells is a tedious and cumbersome task. Especially in the case of 

15 GnTin, where over-expression of this enzyme has been implicated in growth 
inhibition, methods involving regulated (inducible) gene expression had to be 
employed to produce immunoglobulins with bisected iV-glycans. Umana et al 
(1999) Biotechnol Bioeng. 65(5):542-9; Umana et aL (1999) Nat. BiotechnoL 
17(2): 176-80; Umana et aL WO 03/01 1878; U.S. Patent No. 6,602,684. Such a 

20 growth-inhibition effect complicates the ability to coexpress the target protein and 
GnTm and may impose an upper limit on GnTm overexpression. U.S. Patent No. 
6,602,684. Careful optimization of the expression levels of GnTill may be 
necessary. Id As described above, however, development of the lower eukaryotic 
host cells used in such a protein production system requires that the endogenous 

25 glycosylation pathways of the host cells be further modified. 

[0032] The enzymes GnTIV, GnTV and GnTIX expressed in mammalian cells 
are known to catalyze the transfer of GlcNAc residues in particular conformation 
onto oligosaccharide substrates producing multiantennary glycan stmctures. UDP- 
7V'-acetylglucosamine:al ,3-D-niamioside jSl ,4-iSr-acetylglucosaminyl-transferase 

30 (GnTIV; EC 2.4.1.145) catalyzes the transfer of GlcNAc fi"om UDP-GlcNAc in 
residues in j81,4 linkage to al,3-D-mannoside on GlcNAciSl-2Manal-6(GlcNAc)3l- 
2Manal-3)Mani31-4GlcNAc/SU4GlcNAc/Sl-Asn (Gleeson and Schachter, J Biol 
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Chem. 1983 May 25;258(10):6162-73; Schachter et al, (1989) Methods Enzymol, 
179, 351-397). UDP-iV^-acetylglucosamine;c^6-i>maimosidei81,6-7/^ 
acetylglucosaminyltransferase (GnTV; EC 4. 1 . 1 55) catalyzes the addition of an N- 
acetylglucosanume to the 0fl,6 mannosyl core in a i31,6 linkage fonning tri- and 
5 tetraantennaryN-glycans. 

[00331 Similarly, the expression of GhiTVI in avian cells catalyzes the transfer of 
GlcNAc residues onto oligosaccharide substrates. Specifically, UDP iV-acetyl-o- 
glucosamine (GlcNAc):GlcNAci81-6(GlcNAc /31-2)Manal-R[GlcNAc to 
Man]i81,4-iV-acetylglucosaminyltransferase VI(GnTVI) catalyzes the formation of 
10 pentaantennary JV-glycans (Sakamoto et al., J. Biol Chem, 2000 Nov 

17;275(46):36029-34). The gene encoding GnTVI has been purified and isolated 
recently. Taniguchi et aL, JP2002209587A2. 

[0034] Substrates required to produce complex multiantennary structures have 
not been synthesized in fungal hosts until recently (Hamilton et al, Science. 2003 
15 Aug 29;301 (5637); 1244-6). Mammalian cells typically produce an array of 
complex glycans such as biantennary, triantennary, tetraantennary and even 
pentaantennary glycoforms through sequential reaction of specific GnTs. In the 
Golgi apparatus of such cells, /V-glycan processing of glycoproteins produces 
biantennary structures predominantly, in addition to the formation of triantennary 

c 

20 and tetraantennary structures. It is currently xmderstood that in the formation of 
complex glycans specific GnTs catalyze specific j3-GlcNAc linkages (e.g., /?1,2; 
i3l,4; i31,6), producing multiantemiary glycans in mammalian cells. These cells, 
however, are incapable of producing any one homogeneous glycoform in high 
yield. 

25 [0035] Recently, lower eukaryotes have been engineered to produce complex 
glycans in homogeneous forms at significant levels {Science 2003 Aug 
29;301(5637):1244-6). The ability to produce multiantennary complex glycans m 
lower eukaryotes would provide large amounts of properly folded and glycosylated 
proteins on an industrial scale at low cost, in faster time, safer and in higher 

30 quality. What is needed, therefore, is a protein production system utilizing the 
inherent capability of robust product tit^ such as those produced in lower 
eukaryotic host cells (e.g. yeast and filamentous fimgi), which is capable of 
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producing multiantennary (and optionally, bisected) AMinked glycans on proteins, 
especially therapeutic proteins, expressed in these cells. 

SUMMARY OF THE INVENTION 

5 [0036] Host cells and cell lines having genetically modified glycosylation 
pathways that allow them to carry out a sequence of enzymatic reactions which 
mimic the processing of glycoproteins in mammals, especially in humans, have 
been developed. Recombinant proteins expressed in these engineered hosts yield 
glycoproteins more similar, if not substantially identical, to their manmialian, e,g., 

10 human counterparts. Host cells of the invention, e,g., lower eukaryotic 

microorganisms and other non-human, eukaryotic host cells grown in culture, are 
modified to produce A^-glycans, such as bisected A^-glycans, or other structures 
produced along human glycosylation pathways. This result is achieved using a 
combination of engineering and/or selection of strains that do not, for example, 

15 express enzymes that create the undesirable structures characteristic of the fungal 
glycoproteins and that do, for example, express heterologous enzymes capable of 
producing a 'liuman-like" glycoprotein. 

[0037] The present invention thus provides a glycoprotein production method 
using (1) a lower eukaryotic host such as a unicellular or filamentous fungus, or (2) 

20 any non-human eukaryotic organism that has a different glycosylation pattern firom 
humans, to modify the glycosylation composition and structures of the proteins 
made in a host organism ('liost cell") so that they resemble more closely 
carbohydrate structures found in mammalian, e.g., human proteins. The process 
allows one to obtain an engineered host cell which can be used to express and 

25 target any desirable gene(s), e,g, , one involved in glycosylation, by methods that 
are well-estabhshed in the scientific literature and generally known to the artisan in 
the field of protein expression. Host cells with modified oligosaccharides are 
created or selected. For the production of therapeutic proteins, this method may be 
adapted to engineer cell lines in which any desired glycosylation structure may be 

30 obtained. 

[0038] Accordingly, in one embodiment, the invention provides methods for 
making a human-like glycoprotein in a lower eukaryotic host cell by introduction 
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into the cell of an iV-acetylglucosaminyltransferase III activity. In a preferred 
embodiment, the iV-acetylglucosanainyltransferase HI activity is expressed in the 
cell, and in an even more preferred embodiment, this expression results in the 
production of AT-glycans comprising GlcNAcaManaGlcNAca, 
5 GlcNAc2Man3GlcNAc2, or GlcNAc2Man5GlcNAc2 bisected structures. In another 
preferred embodiment, the iV-acetylglucosaminyltransferase III activity is 
substantially intracellular. In another preferred embodiment of the invention, the 
glycoprotein including the iV^glycans with bisected structures is isolated from the 
lower eukaryotic host cell. In an even more preferred embodiment, the 

1 0 glycoprotein produced in the host cell is a therapeutic protein. 

[0039] In another aspect, the invention provides a lower eukaryotic host cell that 
includes both an iV^acetylglucosaminyltransferase HI activity and an iV- 
acetylglucosaminyltransferase n activity. In a preferred embodiment, the host cell 
including the JV-acetylglucosaminyltransferase HI activity produces AT-glycans 

15 comprising GlcNAcMan3GlcNAc2 structures that are capable of reacting with this 
activity. In a more preferred embodiment, the activity produces a bisected glycan. 
The lower eukaryotic host cell of some embodiments of the invention may thus 
include an A/'-glycan with a bisected glycan. In a preferred embodiment, the M- 
glycan includes greater than 10 mole % of the bisected glycan. In some 

20 embodiments, the host cell includes an iV-glycan that comprises 

GlcNAc3Man3GlcNAc2, GlcNAc2Man3GlcNAc2, or GlcNAc2Man5GlcNAc2 
bisected structures. In a preferred embodiment, the host cell includes a 
Man5GlcNAc2 core structure or a Man3GlcNAc2 core structure that is modified by 
a bisecting GlcNAc. In an even more preferred embodiment, the cell produces 

25 greater than 1 0 mole % of the modified structure. 

[0040] In another embodiment of the invention, the lower eukaryotic host cell 
contains aniV-acetylglucosaminyltransferase I activity in addition to the iV- 
acetylglucosaminyltransferase m activity. In a preferred embodiment, the 
activities are substantially intracellular. In another preferred embodiment, the cell 

30 produces AT-glycans comprising GlcNAcMansGlcNAca that are capable of reacting 
with the GnUn activity, hi an even more preferred embodiment, the GnTIQ 
activity of the cell produces a bisected glycan. 
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[0041] In another embodiment, the lower eukaryotic host cell of the invention 
contains both an A^-acetylglucosaminyltransferase HI activity and a mannosidase n 
activity. In a preferred embodiment, the host cell further contains an N- 
acetylglucosaminyltransferase I activity. In another preferred embodiment, the 
5 host cell further contains an AT-acetylglucosanainyltransferase U activity. In 
another preferred embodiment, the host cell further contains both an N- 
acetylglucosaminyltransferase I activity and an iV^acetylglucosaminyltransferase II 
activity, 

[0042] The present invention also provides methods for making a human-lilce 

10 glycoprotein in a lower eukaryotic host cell by introduction into the cell of an N- 
acetylglucosaminyltransferase IV activity. In a preferred embodiment, the iV^ 
acetylglucosaminyltransferase IV activity is expressed in the cell, and in an even 
more preferred embodiment, this expression results in the production of 7V-glycans 
comprising GlcNAc3Man3GlcNAc2 structure. In another preferred embodiment, 

15 the ^^acetylglucosaminyltransferase IV activity is substantially intracellular. In 
another preferred embodiment of the invention, the glycoprotein including the N- 
glycans with triantennary structures is isolated from the lower eukaryotic host cell. 
In a more preferred embodiment, the iV-glycan includes greater than 90 mole % of 
the triantennary glycan. In an even more preferred embodiment, the glycoprotein 

20 produced in the host cell is a therapeutic protein. 

[0043] Thus, in another aspect, the invention provides a lower eukaryotic host 
cell that includes both an A^-acetylglucosaminyltransferase FV activity and an iV^ 
acetylglucosaminyltransferase V activity. In a preferred embodiment, the host cell 
including the iV-acetylglucosaminyltransferase FV and V activities produces N- 

25 glycans comprising GlcNAc4Man3GlcNAc2 structures. In a more preferred 

embodiment, the activity produces a tetraantennary glycan. The lower eukaryotic 
host cell of some embodimmts of the invention naay thus include an Mglycan with 
a tetraantennary glycaiL In some embodiments, the host cell includes an iV^glycan 
that comprises GlcNAc3Man3GlcNAc2 and GlcNAc4Man3GlcNAc2 structures. In a 

30 preferred embodiment, the host cell includes a GlcNAcMansGlcNAca core 

structure that is modified by a GnT IV or a GlcNAc2Man3GlcNAc2 core structure 
that is modified by a GnT IV and GnT V. In a preferred embodiment, the N- 
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glycan includes greater than 70 mole % of the tetraantennary glycan. In an even 
more preferred embodiment, the cell produces greater than 75 mole % of tetra- 
antennary glycans. 

[0044] The present invention also provides a lower eukaryotic host cell that 
5 includes an JV^acetylglucosaminyltransferase VI activity. In a preferred 

embodiment, the host cell expressing the iV^acetylglucosaminyltransferase VI 
activity produces TV^glycans comprising GlcNAc5Man3GlcNAc2 structures (e.g., 
pentaantennary glycans). The lower eukaryotic host cell of some embodiments of 
the invention may thus include an iV-glycan with a pentaantennary glycan. In some 

10 embodiments, the host cell includes an iV-glycan that comprises 

GlcNAcsManaGlcNAca structures. In a preferred embodiment, the host cell 
includes a GlcNAcaMansGlcNAca core structure that is modified by a GnT VI. 
[0045] In another embodiment, the invention provides methods for making a 
hxunan-like glycoprotein in a lower eukaryotic host cell by introduction into the 

15 cell of an A^-acetylglucosaminyltransferase DC activity. In a preferred embodiment, 
the A^-acetylglucosaminyltransferase DC activity is expressed in the cell, and in an 
even more preferred embodiment, this expression results in the production of N- 
glycans comprising GlcNAc3Man3GlcNAc2 and GlcNAc4Man3GlcNAc2 stmctures. 
In another preferred embodiment, theA^-acetylglucosaminyltransferase DC activity 

20 is substantially intracellular. In another preferred embodiment of the invention, the 
glycoprotein including the iV^glycans with mulitantennary structures is isolated 
from the lower eukaryotic host cell. In an even more preferred embodiment, the 
glycoprotein produced in the host cell is a therapeutic protein. 
[0046] In another embodiment of the invention, the lower eukaryotic host cell 

25 contains an iV^acetylglucosaminyltransferase I activity and an iV- 

acetylglucosaminyltransferase n activity. In a preferred embodiment, the activities 
are substantially intracellular. In another preferred embodiment, the cell produces 
^-glycans comprising GlcNAc2Man3GlcNAc2 that are capable of reacting with the 
GnTIV activity producing triantennary glycans. In an even more preferred 

30 embodiment, the GnTV activity of the cell produces a tetraantennary glycans. 
[0047] In another embodiment, the lower eukaryotic host cell of the invention 
contains both an A^-acetylglucosaminyltransferase IV activity and a mannosidase n 
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activity. In a preferred embodiment, the host cell further contains an N- 
acetylglucosaminyltransferase I activity. In another preferred embodiment, the 
host cell further contains an iV-acetylglucosaminyltransferase n activity. In 
another preferred embodiment, the host cell further contains an N- 
5 acetylglucosaminyltransferase V activity. 

[0048] In certain preferred embodiments, flie host cell of the invention is 
deficient in an OCHl mannosyltransferase activity. Such a cell may, for example, 
be deficient in a Dol-P-Man:Man5GlcNAc2-PP-Dol mannosyltransferase activity. 
In yet another embodiment, the host cell of the invention may fiirther comprise an 

10 a-l,2-mannosidase I activity. In another embodiment, the host cell may further 
comprise a sugar nucleotide transporter. Preferably, the host cell comprises a 
UDP-GlcNAc transporter wherein the transfer of GlcNAc residues is facilitated by 
any one of the above mentioned TV^acetylglucosaminyltransferase activities. 
[0049] The present invention also provides glycoproteins that are made by the 

15 processes of the invention. In one embodiment, the glycoprotein includes a 
bisecting GlcNAc on a Man5GlcNAc2 or a Man3GlcNAc2 core structure and is 
produced in a lower eukaryotic host cell. In another embodiment, the glycoprotein 
includes a bisecting GlcNAc attached to a Man5GlcNAc2, Man4GlcNAc2, 
Man3GlcNAc2, GlcNAcManaGlcNAci, GlcNAcMan5GlcNAc2, or a 

20 GlcNAc2Man3GlcNAc2 core structure and is produced in a lower eukaryotic host 
cell. In a preferred embodiment, greater than 10 mole % of the core structures of 
the glycoprotein of the invention are modified by the bisecting GlcNAc. 
[0050] In yet another embodiment, the invention provides a glycoprotein that 
includes a triantennary structure such as GlcNAc3Man3GlcNAc2 and is produced in 

25 a lower eukaryotic host cell. In a preferred embodiment, greater than 90 mole % of 
the core structures of the glycoprotein of the invention are modified by the GnTTV. 
In another embodiment, the glycoprotein includes a tetraantennary structure such 
as GlcNAc4Man3GlcNAc2 and is produced in a lower eukaryotic host cell. .In a 
more preferred embodiment, greater than 75 mole % of the core structures of the 

30 glycoprotein of the invention are modified by the GnTV. 

[0051] In another aspect, the invention provides pharmaceutical compositions 
that contain the human-Uke glycoproteins produced in a lower eukaryotic host cell. 
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Also provided according to the invention are vectors encoding proteins having one 
or more //-acetylglucosaminyltransferase III, IV, V, VI and DC activities and 
containing attached targeting peptide sequences. In a preferred embodiment, the 
proteins encoded by the vectors are localized in a lower eukaryotic host cell such 
5 that they produce i\r-glycans having bisected and/or multiantennary structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] Figure 1 A is a schematic diagram of a typical fungal A^-glycosylation 
pathway. 

1 0 [0053] Figure IB is a schematic diagram of a typical human A^-glycosylation 
pathway. 

[0054] Figure 2 depicts construction of a combinatorial DNA library of fusion 
constructs. Figure 2 A diagrams the insertion of a targeting peptide fragment into 
pCR2.1-T0P0 (Invitrogen, Carlsbad, CA). Figure 2B shows the generated 

1 5 targeting peptide sub-library having restriction sites NotI - AscL Figure 2C 
diagrams the insertion of a catalytic domain region into pJN347, a modified 
pUC19 vector. Figure 2D shows the generated catalytic domain sub-library 
having restriction sites Notl^ AscI and Pad. Figure 2E depicts one particulai* 
fusion construct generated from the targeting peptide sub-library and the catalytic 

20 domain sub-library. 

[0055] Figure 3 illustrates the M musculus Qt-l,2-mamiosidase lA open reading 
frame nucleic acid sequence (SEQ ID NO:48) and encoded polypeptide sequence 
(SEQ ID NO:49). The sequences of the PGR primers used to generate N-terminal 
truncations are underlined. 

25 [0056] Figure '4 illustrates engineering of vectors with multiple auxotrophic 
markers and genetic integration of target proteins in the P. pastoris OCHl locus. 
[0057] Figures 5A - 5E show MALDI-TOF analysis demonstrating production 
of kringle 3 domain of human plasminogen (K3) glycoproteins having ' 
Man5GlcNAc2 as the predominant iV-glycan structxure in P. pastoris. Figure 5A 

30 depicts the standard Man5GlcNAc2 [a] glycan (Glyko, Novato, CA) and 

Man5GlcNAc2 + Na"^ [bj. Figure SB shows PNGase - released glycans from BC3 
wild type. The 7V-glycans shown are as follows: MangGlcNAca [d]; 
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ManioGlcNAca [e]; MannGlcNAcj [f|; ManizGlcNAcz [g]. Figure 5C depicts the 
ochl deletion resulting in the production of MansGlcNAcz [c] as the predominant 
iV-gJycan. Figures 5D and 5E show the production of Man5GlcNAc2 [b] after in 
vivo trimming of MansGlcNAca with a chimeric a.l,2-maimosidase. The 
5 predominant Mglycan is mdicated by a peak with a mass (m/z) of 1253 consistent 
with its identification as MansGlcNAca [b]. 

[0058] Figures 6A - 6F show MALDI-TOF analysis demonstrating production 
of IFN-^ glycoproteins having MansGlcNAca as the predominant iV-glycan 
structure in P. pastoHs. Figure 6A shows the standard MansGlcNAca [a] and 

10 MansGlcNAcz + Na* [b] as the standard (Glyko, Novate, CA). Figure 6R shows 
PNGase - released glycans from IFN- /S wildtype. Figure 6C depicts the ochl 
knock-outproducing MangGlcNAcj [c]; MangGlcNAca [d]; Man,oGlcNAc2 [e]; 
ManiiGlcNAcz [f); Man^GlcNAcz [g]; and no production of MansGlcNAca [b]. 
Figure 6D shows relatively small amount of MansGlcNAcz [b] among other 

15 intermediate iV-glycans MangGlcNAcz [c] to MannGlcNAcz [g]. Figure 6E shows 
a significant amount of ManjGlcNAcz [b] relative to the other glycans 
MangGlcNAca [c] and MangGlcNAca [d] produced by pGC5 {Saccharomyces 
MNSJ(mymouss mannosidase IB A99). Figure 6F shows predominant production 
of MansGlcNAcz [b] on the secreted glycoprotein IFN-/3 by pFB8 (Saccharomyces 

20 SEC] 2 (m)/mouse mannosidase lA Al 87). The iV-glycan is indicated by a peak 
with a mass (m/z) of 1254 consistent with its identification as Man5GlcNAc2 [b]. 
[0059] Figure 7 shows a high performance liquid chromatogram for: (A) 
Man9GlcNAc2 standard labeled with 2-AB (negative control); (B) supernatant of 
medium P. pastoris, /lochl transformed with pFB8 mannosidase, which 
25 demonstrates a lack of extracellular mannosidase activity in the supematant; and 
(C) Man9GlcNAc2 standard labeled with 2-AB after exposure to T.reesei 
mannosidase (positive control). 

[0060] Figure 8 shows a high performance liquid chromatogram for: (A) 
Man9GlcNAc2 standard labeled with 2-AB (negative control); (B) supematant of 
30 medium P. pastoris, Aochl transformed with pGC5 mannosidase, which 

demonstrates a lack of extraceUular mannosidase activity in the supematant; and 
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(C) Man9GlcNAc2 standard labeled with 2-AB after exposure to Treesei 
mannosidase (positive control). 

[0061] Figure 9 shows a high performance liquid chromatogram for: (A) 
MangGlcNAca standard labeled with 2-AB (negative control); (B) supernatant of 
S medium P. pastoris, Aochl transfomied with pBC 1 8-S mannosidase, which 

demonstrates lack of extracellular mannosidase activity in the supernatant; and (C) 
supematant of medium P. pastoris^ Aochl transformed with pDD28-3, which 
demonstrates activity in the supematant (positive control). 
[0062] Figures lOA - lOB demonstrate the activity of an UDP-GlcNAc 

1 0 transporter in the production of GlcNAcMansGlcNAca in P. pastoris. Figure lOA 
depicts a P, pastoris strain (YSH-3) with a human GnTI but without the UDP- 
GlcNAc transporter resulting in some production of GlcNAcMan5GlcNAc2 [b] but 
a predominant production of MansGlcNAca [a]. Figure lOB depicts the addition 
of UDP-GlcNAc transporter from K, lactis in a strain (PBP-3) with the human 

1 5 GnTI, which resulted in the predominant production of GlcNAcMansGIcNAca [b] . 
The single prominent peak of mass (m/z) at 1457 is consistent with its 
identification as GlcNAcMansGlcNAca [b] as shown in Figure lOB. 
[0063] Figure 11 shows a pH optimum of a heterologous mannosidase enzyme 
encoded by pBB27-2 {Saccharomyces MNNIO (s)/C elegajis mannosidase IB A31) 

20 expressed in P, pastoris, 

[0064] Figures 12A - 12C show MALDI-TOF analysis of //-glycans released 
from a cell free extract ofK, lactis. Figure 12A shows the iV^glycans released 
from wild-type cells, wtiich includes higfh-mannose type ^-glycans. Figure 12B 
shows the iV^glycans released from ochl mnnl deleted cells, revealing a distinct 

25 peak of mass (m/z) at 1908 consistent with its identification as Man9GlcNAc2 [d]. 
Figure 12C shows the iV-glycans released from ochl mnnl deleted cells after in 
vitro 0^-1,2-mannosidase digest corresponding to a peak consistent with 
MansGlcNAca. 

[0065] Figure 13 is a schematic of the structure of the dolichyl pyrophosphate- 
30 linked oligosaccharide. 

[0066] Figure 14 is a schematic of the generation of GlcNAcaMansGlcNAca 
glycans from fungal host cells which are deficient in a/g3, a/gP, or algl2 activities. 
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[0067] Figure 15 is a schematic of processing reactions required to produce 
mammalian-type oligosaccharide structures in a fungal host cell with an alg3^ ochl 
genotype. 

[0068] Figure 16 shows S, cerevisiae Alg3 Sequence Comparisons (Blast) (SEQ 
5 ID N0s:9 - 20, respectively, in order of ^pearance) 

[0069] Figure 17 shows S. cerevisiae ALG3 (SEQ ID N0:21) and AlgSp (SEQ 
IDNO:22) Sequences 

[0070] Figure 18 shows P. pastoris ALG3 (SEQ ID NO:23) and Alg3p (SEQ ID 
NO:24) Sequences 

10 [0071] Figure 19 shows P. pastoris ALG3 Sequence Comparisons (Blast) (SEQ 
ID NOs:23 - 31, respectively, in order of appearance) 

[0072] Figure 20 shows K. lactis ALG3 (SEQ ID NO:33) and AlgSp (SEQ ID 
NO:34) Sequences 

[0073] Figure 21 shows K, lactis ALG3 Sequence Comparisons (Blast) (SEQ ID 

15 NOs:35 - 40, respectively, in order of appearance) 

[0074] Figure 22 shows a model of an IgG immunoglobulin. Heavy chain and 
light chain can be, based on similar secondary and tertiary structure, subdivided 
into domains. The two heavy chains (domains Vh, ChI , Ch2 and Ch3) are linked 
through three disulfide bridges. The Ught chains (domains Vl and Cl) are linked by 

20 another disulfide bridge to the ChI portion of the heavy chain and, together with 
the ChI and Vh Augments, make up the Fab region. Antigens bind to the terminal 
portion of the Fab region. Effector-functions, such as Fc-gamma-Receptor buiding 
have been localized to the Ch2 domain, just downstream of the hinge region and 
are influenced by iV-glycosylation of asparagine 297 in the heavy chain. 

25 [0075] Figure 23 is a schematic overview of a modular IgGl expression vector. 
[0076] Figure 24 shows M musculus Gn77Z7Nucleic Acid (SEQ ID NO:45) 
And Amino Acid (SEQ ID NO:46) Sequences 

[0077] Figure 25 (top) is a MALDI-TOF-MS analysis of ^'-glycans isolated 
jfrom a kringle 3 glycoprotein produced in a P. pastoris YSH-1 displaying a 
30 predominant peak at 1461 m/z corresponding to the the mass of 

GlcNAcMansGlcNAcz [d]; Figure 25 (bottom) shows a MALDI-TOF-MS 
analysis of AT-glycans isolated firom a kringle 3 glycoprotein produced in a P. 
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pastoris YSH-1 transformed with D. melanogaster maimosidase 1^74/5. 

cerevisiae MNN2(s) showing a predominant peak at 1 140 m/z corresponding to the 

mass of GlcNAcMan3GlcNAc2 [b] and other peaks corresponding to 

GlcNAcMan4GlcNAc2 [c] at 1303 m/z and GlcNAcMan5GlcNAc2 [d] at 1465 m/z. 

5 This strain was designated YSH-37. 

[0078] Figure 26 (top) is the MALDI-TOF-MS analysis of iV-glycans isolated 

from a kringle 3 glycoprotein produced in P. pastoris YSH-1 as shown in Figure 

25 (top); Figure 26 (bottom) is a MALDI-TOF-MS analysis of JV-glycans isolated 

* 

from a kringle 3 glycoprotein expressed in P. pastoris YSH-1 cells transformed 

10 with a pVA53 construct (S. cerevisiae MNN2{s)/mQtiTin). The peak at 1463 m/z 
corresponds the mass of GlcNAcMan5GlcNAc2 [d] and the peak at 1666 m/z 
corresponds to the mass of GlcNAc2Man5GlcNAc2 [a]. 
[0079] Figure 27 (top) is the MALDI-TOF-MS analysis of AT-glycans isolated 
from a kringle 3 glycoprotein produced in P. pastoris YSH-1 as shown in Figure 

15 25 (top); Figure 27 (bottom) is a MALDI-TOF-MS analysis of //-glycans isolated 
from a kringle 3 glycoprotein expressed in P. pastoris YSH-1 cells transformed 
with a pVA55 construct (S. cerevisiae M/W2(s)/mGnTIII). The peak at 1463 m/z 
corresponds to the mass of GlcNAcMansGlcNAc^ [d] and the peak at 1667 m/z 
corresponds to the mass of GlcNAc2Man5GlcNAc2 [a]. 

20 [00801 Figure 28 (top) is the MALDI-TOF-MS analysis of TV^glycans isolated 
from a kringle 3 glycoprotein produced in P. pastoris YSH-1 as shown in Figure 
25 (top); Figure 28 (bottom) is a MALDI-TOF-MS analysis of iV^glycans isolated 
from a kringle 3 glycoprotein expressed in P, pastoris YSH-1 cells transformed 
with a pVBSl construct (K. lactis GiVr;(s)/mGnTIII). The predominant peak at 

25 1463 m/z corresponds to the mass of GlcNAcMansGlcNAc2 [d] and a second peak 
at 1726 m/z [e], which does not correspond to the mass of GlcNAc2Man5GlcNAc2 
is observed. 

[0081] Figure 29 is a MAIDI-TOF-MS analysis of ;V-glycans isolated from a 
kringle 3 glycoprotein expressed in P. pastoris YSH-44 cells. The predominant 
30 peak at 1 356 m/z corresponds to the mass of GlcNAc2Man3GlcNAc2 [x] . 

[0082] Figure 30 is a MAIJ5I-TOF-MS analysis of T/.glycans isolated from a 
kringle 3 glycoprotein expressed in P, pastoris YSH-44 cells transformed with a 
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pVA53 construct (S. cerevisiae imN2(symGnTJJI), The peak at 1340 m/z 
corresponds to the mass of GlcNAc2Man3GlcNAc2 [x] and the peak at 1542 m/z 
corresponds to the mass of GlcNAc3Man3GlcNAc2 [y]. 
[0083] Figure 31 is a MALDI-TOF-MS analysis of iV-glycans isolated from a 
5 kringle 3 glycoprotein expressed in P. pastoris PBP6-5 cells. The predominant 
peak at 1340 m/z corresponds to the mass of GlcNAc2Man3GlcNAc2 [x]. 
[0084] Figure 32 is a MALDI-TOF-MS analysis of //-glycans isolated from a 
kringle 3 glycoprotein expressed in P, pastoris PBP6-5 cells transformed with a 
pVA53 construct (S. cerevisiae AiA0V2(s)/mGnTIII). The peak at 1340 m/z 

10 corresponds to the mass of GlcNAc2Man3GlcNAc2 [x] and the peak at 1543 m/z 
corresponds to the mass of GlcNAc3Man3GlcNAc2 [y] . 
[0085] Figure 33 shows a high performance liquid chromatogram, which 
demonstrates a lack of extracellular GnTin activity (pVA53) in the supernatant 
The iV-glycan GlcNAcMan5GlcNAc2 purified from K3 expressed in PBP-3 strain 

15 was added to: BMMY (A); 1 mM UDP-GlcNAc (Sigma Chemical Co., St. Louis, 
MO)) in BMMY (B); the supematant of YSH-44 transformed with pVA53 [YSH- 
57] (C); and the supematant of YSH-57 + 1 mM UDP-GlcNAc (D). 
[00S6] Figure 34 shows a high performance liquid chromatogram, which 
demonstrates a lack of extracellular GnTin activity (pVA53) in the supematant. 

20 The iV-glycan GlcNAc2Man3GlcNAc2 purified from K3 expressed in YSH-44 
strain was added to: BMMY (A); 1 mM UDP-GlcNAc (Sigma Chemical Co., St. 
Louis, MO)) in BMMY (B); and the supematant of YSH-44 transformed with 
pVA53 [YSH-57] (C). 

[0087] Figure 35 is a schematic diagram comparing the normal glycosylation 
25 pathways in humans and A pastoris (Panel A) with an engineered humanized ^- 
glycosylation pathway in lower eukaryotes (Panel B). The engineered pathway 
represents the construction of P. pastoris strain PBP6-5, which after modification 
with GnTm becomes P. pastoris strain PBP38. 

[0088] Figure 36 is a schematic diagram showing the predominant secreted 
30 glycoform produced by each of the designated P. pastoris strains and the gene 
modification used to engineer each of the strains. 
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[0089] Figure 37 is a structural representation of the transfer of a GlcNAc to the 
oligosaccharide intermediate, GlcNAcMan5GlcNAc2, produced on glycoproteins in 
a lower eukaryotic host cell, as catalyzed by GnTIH, 

[0090] Figure 38 is a structural representation of the transfer of a GlcNAc to the 
5 oligosaccharide intermediate, GlcNAcManaGlcNAca, produced on glycoproteins in 
a lower eukaryotic host cell, as catalyzed by GnTII, and the subsequent transfer of 
a GlcNAc to the product of that reaction, GlcNAc2Man3GlcNAc2, as catalyzed by 
GnXm. 

[0091] Figure 39 is a schematic diagram showing the transfer of GlcNAc 
10 residues onto oHgdsaccharide intermediates catalyzed by GnTIV, GnTV, GnTVI 
and GnTDC in P,pastoris. 

[0092] Figure 40 shows three representative plasmid maps Figure 40A: pPB144 
containing a gene fragment encoding mouse GnTIV; Figure 40B: pPB140 
containing a gene fragment encoding human GnTV; and Figure 40C: pFB176 
1 5 containing a gene fragment encoding mouse GnTDC used for transformation in a 
host P.pastoris, 

[0093] Figure 41 shows the gene encoding the Homo sapiens mannosyl (alpha- 

U3-)-glycoprotein beta-l,4-A^-acetyIglucosaminyltransferase, isoenzyme A 

(MGAT4A) Accession number NM_012214. 
20 [0094] Figure 42 shows the gene encoding the Homo sapiens mannosyl (alpha- 

l,3-)-glycoprotein beta-l,4-iV^acetylglucosaminyltransferase, isoenzyme B 

(MGAT4B) Accession number NM_014275. 

[0095] Figure 43 shows the gene encoding the Mus musculus N- 

acetylglucosaminyltransferase V (MgatS) Accession number AF474154. 
25 [0096] Figure 44 shows the gene encoding flie Gallus gallus N- 

acetylglucosaminyltransferase VI Accession number AB040608. 

[0097] Figure 45 shows the gene encoding the Homo sapiens AT- 

acetylglucosaminyltransferase DC Accession number AB 109 185.1. 

[0098] Figure 46 shows the codon optimized DNA fragment encoding part of 
30 the human iV-acetylglucosaminyltransferase DC lacking the TM domain (A43). 

[0099] Figure 47 is a MALDI-TOF-MS analysis of iV-glycans isolated from a 

loingle 3 glycoprotein expressed in P, pastoris PBP43. The yeast strain P. 
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pastoris YSH-44 was transformed with pPB144 containing the S, cerevisiae 
MNN2(s)/hmam GnTIV fusion construct. The peak at 1543 m/z corresponds to 
the mass of GlcNAcsManaGlcNAca [y], 

[0100] Figure 48 is a MALDI-TOF-MS analysis of A^glycans isolated from a 
5 kringle 3 glycoprotein expressed in P, pastoris PBP32. The yeast strain P, 
pastoris YSH-44 was transformed with pPB140 containing the S. cerevisiae 
MNN2(s)/mo\xse GnTV fusion. The peak at 1559 m/z corresponds to the mass of 
GlcNAcsManaGlcNAca [y]. 

[0101] Figure 49 is a MALDI-TOF-MS analysis of ^'-glycans isolated from a 
1 0 kringle 3 glycoprotein expressed in P. pastoris PBP46. The yeast strain P. 

pastoris YSH-44 was transformed with pPB140 and pPB144. The peak at 1543 

m/z corresponds to the mass of GlcNAcaMansGlcNAcz [y] and the peak at 1747 

m/z corresponds to the mass of GlcNAc4Man3GlcNAc2 [z]. 

[0102] Figure 50 is a MALDI-TOF-MS analysis of 7V-glycans isolated from a 
15 kringle 3 glycoprotein expressed in P. pastoris PBP94. The yeast strain P. 

pastoris YSH-44 was transformed with pPB128 containing the S. cerevisiae 

MAW2(s)/mouse GnTIVA fusion construct and pPB140 containing the S. 

cerevisiae A/7V7V2(s)/mouse GnTV fusion construct. The predominant peak at 1743 

m/z corresponds to the mass of GlcNAc4Man3GlcNAc2 [s]. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

[0103] Unless otherwise defined herein, scientific and technical terms used in 
connection with the present invention shall have the meanings that are commonly 
understood by those of ordinary skill in the art. Further, unless otherwise required 

25 by context, singular terms shall include pluralities and plural terms shall include 
the singular. The methods and techniques of the present invention are generally 
performed according to conventional methods well known in the art. Generally, 
nomenclatures used in connection with, and techniques of biochemistry, 
enzymology, molecular and cellular biology, microbiology, genetics and protein 

30 and nucleic acid chemistry and hybridization described herein are those well- 
known and comnaonly used in the art. 
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[0104] The methods and techniques of the present invention are generally 
performed according to conventional methods well-known in the art and as 
described in various general and more specific references that are cited and 
discussed throughout the present specification unless otherwise indicated. See, 
5 e.g. , Sambrook et al. Molecular Cloning: A Laboratory Manual, 2d ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y, (1989); Ausubel et al. 
Current Protocols in Molecular Biology, Greene Publishing Associates (1992, and 
Supplements to 2002); Harlow and Lane, Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1990); Introduction to 

10 Glycobiology, Maureen E. Taylor, Kurt Drickamer, Oxford Univ. Press (2003); 
Worthington Enzyme Manual, Worthington Biochraiical Corp. Freehold, NJ; 
Handbook of Biochemistry: Section A Proteins, Vol 1 1976 CRC Press; Handbook 
of Biochemistry: Section A Proteins, Vol n 1976 CRC Press; Essentials of 
Glycobiology, Cold Spring Harbor Laboratory Press (1999). The nomenclatures 

15 used in connection with, and the laboratory procedures and techniques of, 

molecular and cellular biology, protein biochemistry, enzymology and medicinal 
and pharmaceutical chemistry described herein are those well known and 
commonly used in the art. 

[0105] All pubUcations, patents and other references mentioned herein are 
20 incorporated by reference. 

[0106] The following temis, unless otherwise indicated, shall be understood to 
have the following meanings: 

[01 07] As used herein, the term * W-glycan" refers to an iV-linked 
oligosaccharide, one that is attached by an asparagine-i\r-acetylglucosaniine 

25 linkage to an asparagine residue of a polypeptide. iV^glycans have a common 
pentasaccharide core of MansGlcNAci C^Man" refers to mannose; "Glc" refers to 
glucose; and ''NAc" refers to //-acetyl; GlcNAc refers to iV-acetylglucosamine). 
The term "trimannose core" used with respect to the iV-glycan also refers to the 
structure Man3GlcNAc2 CMana"). The term **pentamannose core" or 'TMannose-5 

30 core" or "Mans" used with respect to the iV^glycan refers to the structure 

Mau5GlcNAc2. iV-glycans differ with respect to the number of branches (antennae) 
comprising peripheral sugars (e.g., GlcNAc, fucose, and sialic acid) that are 
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attached to the Mans core structure. AT-glycans are classified according to their 
branched constituents (e.g., high mannose, complex or hybrid). 
[0108] A ^liigh mannose" type A^glycan has five or more maimose residues. A 
"complex" type //-glycan typically has at least one GlcNAc attached to the 1,3 
S mannose arm and at least one GlcNAc attached to the 1,6 mannose arm of the 
trimannose core. Complex iV-glycans may also have galactose ("Gar*) residues 
that are optionally modified with sialic acid or derivatives C*NeuAc", where **Neu" 
refers to neurammic acid and "Ac" refers to acetyl). A complex JV^glycan typically 
has at least one branch that terminates in an oligosaccharide such as, for example: 

10 NeuNAc-; NeuAco2-6GalNAcal-; NeuAccG-SGaliSl-SGalNAcal-; NeuAccfl- 
3/6Galj81-4GlcNAcjSl-; GlcNAcal-4Gali81-(mucms only); Fucal-2Gali81 -(blood 
group H). Sulfate esters can occur on galactose, GalNAc, and GlcNAc residues, 
and phosphate esters can occur on mannose residues. NeuAc (Neu: neuraminic 
acid; Aciacetyl) can be 0-acetylated or replaced by NeuGl (iV-glycolylneuraniinic 

15 acid). Complex //-glycans may also have intrachain substitutions comprising 

"bisecting" GlcNAc and core fucose ("Fuc"). A "hybrid" iV-glycan has at least one 
GlcNAc on the terminal of the 1,3 mannose arm of the trimannose core and zero or 
more mannoses on the 1 ,6 mannose arm of the trimaiuiose core, 
[0109] The term "predominant" or "predominantly" used with respect to the 

20 production of JV-glycans refers to a structure which represents the major peak 
detected by matrix assisted laser desorption ionization time of flight mass 
spectrometry (MALDI-TOF) analysis. 

[0110] Abbreviations used herein are of common usage in the art, see, e.g., 
abbreviations of sugars, above. Other common abbreviations include *TNGase", 
25 which refers to peptide JV-glycosidase F (EC 3,2.2.18); "GlcNAc Tr" or "GnT," 
which refers to AT-acetylgJucosaminyl Transferase enzymes; **NANA" refers to ^- 
acetylneuraminic acid. 

[01 1 1] As used herein, a "humanized glycoprotein" or a 'liuman-like 
glycoprotein" refers alternatively to a protein having attached thereto TV^glycans 
30^ having fewer than four mannose residues, and synthetic glycoprotein intermediates 
(which are also useful and can be manipulated fiirther in vitro or in vivo) having at 
least five mannose residues. Preferably, glycoproteins produced according to the 
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invention contain at least 30 mole %, preferably at least 40 mole % and more 
preferably 50, 60, 70, 80, 90, or even 100 mole % of the Man5GlcNAc2 
intermediate, at least transiently. This may be achieved, e.g., by engmeering a host 
cell of the invention to express a **better", i.e,, a more efficient glycosylation 
S enzyme. For example, a mannosidase is selected such that it will have optimal 
activity under the conditions present at the site in the host cell where proteins are 
glycosylated and is introduced into the host cell preferably by targeting the enzyme 
to a host cell organelle where activity is desired. 

[0112] The terai "enzyme", when used herein in coimection with altering host 

10 cell glycosylation, refers to a molecule having at least one enzymatic activity, and 
includes full-length enzymes, catalytically active firagments, chimerics, complexes, 
and the like. A "catalytically active fragment" of an enzyme refers to a 
polypeptide having a detectable level of functional (enzymatic) activity. Enzyme 
activity is "substantially intracellular** when less than 10% of the enzyme activity 

15 is measurable outside the cell compared to that measurable from lysed cells. 
[01 13] A lower eukaryotic host cell, when used herein in connection with 
glycosylation profiles, refers to any eukaryotic cell which ordinarily produces high 
mannose containing AT-glycans, and thus is meant to include some animal or plant 
cells and most typical lower eukaryotic cells, including imi- and multicellular 

20 fungal and algal cells. 

[01 14] As used herein, the term "secretion pathway" refers to the assembly line 
of various glycosylation enzymes to which a lipid-linked oligosaccharide precursor 
and an iV^glycan substrate are sequentially exposed, following the molecular flow 
of a nascent polypeptide chain from the cytoplasm to the endoplasmic reticulum 

25 (ER) and the compartments of the Golgi apparatus. Bnzymes are said to be 

localized along this pathway. An enzyme X that acts on a lipid-linked glycan or an^ 
A^glycan before enzyme Y is said to be or to act **upstream" to enzyme Y; 
similarly, enzyme Y is or acts "downstream" from enzyme X.. 
[0115] The term '^geting peptide" as used herein refers to nucleotide or amino 

30 acid sequences encoding a cellular targeting signal peptide which mediates the 
localization (or retention) of an associated sequence to sub-cellular locations, e.g., 
organelles. 
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[0116] The term "polynucleotide" or '^nucleic acid molecule" refers to a 
polymeric form of nucleotides of at least 10 bases in length. The term includes 
DNA molecules (e.g., cDNA or genomic or synthetic DNA) and RNA molecules 
(e,g,y mKNA or synthetic RNA), as well as analogs of DNA or KNA containing 
5 non-natural nucleotide analogs, non-native intemucleoside bonds, or both. The 
nucleic acid can be in any topological conformation. For instance, the nucleic acid 
can be single-stranded, double-stranded, triple-stranded, quadruplexed, partially 
double-stranded, branched, hairpinned, circular, or in a padlocked conformation. 
The term includes single and double stranded forms of DNA. A nucleic acid 

10 molecule of this invention may include both s^e and antisense strands of ^INA, 
cDNA, genomic DNA, and synthetic forms and mixed polymers of the above. 
They may be modified chemically or biochemically or may contain non-natural or 
derivatized nucleotide bases, as will be readily appreciated by those of skill in the 
art. Such modifications include, for example, labels, methylation, substitution of 

15 one or more of the naturally occurring nucleotides with an analog, intemucleotide 
modifications such as uncharged linkages (e.g., methyl phosphonates, 
phosphotriesters, phosphoramidates, carbamates, etc.), charged linkages (e.g., 
phosphorothioates, phosphorodithioates, etc.), pendent moieties (e.g., 
polypeptides), intercalators (e.g., acridine, psoralen, etc.), chelators, alkylators, and 

20 modified linkages (e.g., alpha anomeric nucleic acids, etc.) Also included are 
synthetic molecules that mimic polynucleotides in their ability to bind to a 
designated sequence via hydrogen bonding and other chemical interactions. Such 
molecules are known in the art and include, for example, those in which peptide 
linkages substitute for phosphate linkages in the backbone of the molecule. 

25 [0117] Unless otherwise indicated, a •'nucleic acid comprising SEQ ID NO:X" 
refers to a nucleic acid, at least a portion of which has either (i) the sequence of 
SEQ ID NO:X, or (ii) a sequence complementary to SEQ ID NO:X. The choice 
between the two is dictated by the context. For instance, if the nucleic acid is used 
as a probe, the choice between the two is dictated by the requirement that the probe 

30 be complementary to the desired target. 

[0118] An **isolated" or "substantially pure" nucleic acid or polynucleotide (e.g., 
an RNA, DNA or a mixed polymer) is one which is substantially separated firom 
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Other cellular components that naturally accompany the native polynucleotide in its 
natural host cell, e.g., ribosomes, polymerases, and genomic sequences with which 
it is naturally associated. The term embraces a nucleic acid or polynucleotide that 
(1) has been removed from its naturally occurring environment, (2) is not 
5 • associated with all or a portion of a polynucleotide in which the "isolated 

polynucleotide" is found in nature, (3) is operatively linked to a polynucleotide 
which it is not linked to in nature, or (4) does not occur in nature. The term 
"isolated" or "substantially pure" also can be used in reference to recombinant or 
cloned DNA isolates, chemically synthesized polynucleotide analogs, or 

10 polynucleotide analogs that are biologically synthesized by heterologous systems. 
[0119] However, "isolated" does not necessarily require that the nucleic acid or 
polynucleotide so described has itself been physically removed from its native 
environment. For instance, an endogenous nucleic acid sequence in the genome of 
an organism is deemed "isolated" herein if a heterologous sequence (/.e., a 

15 sequence that is not naturally adjacent to this endogenous nucleic acid sequence) is 
placed adjacent to the endogenous nucleic acid sequence, such that the expression 
of this endogenous nucleic acid sequence is altered. By way of example, a non- 
native promoter sequence can be substituted (e.g., by homologous recombination) 
for the native promoter of a gene in the genome of a human cell, such that this 

20 gene has an altered expression pattern. This gene would now become "isolated" 
because it is separated from at least some of the sequences that naturally flank it. 
[0120] A nucleic acid is also considered "isolated" if it contains any 
modifications that do not naturally occur to the corresponding nucleic acid in a 
genome. For instance, an endogenous coding sequence is considered "isolated" if 

25 it contains an insertion, deletion or a point mutation introduced artificially, e.g. , by 
human intervention. An "isolated nucleic acid" also includes a nucleic acid 
integrated into a host cell chromosome at a heterologous site, a nucleic acid 
construct present as an episome. Moreover, an "isolated nucleic acid" can be 
substantially free of other cellular material, or substantially free of culture medium 

30 when produced by recombinant techniques, or substantially free of chemical 
precursors or other chemicals when chemically synthesized. 
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[0121] As used herein, the phrase "degenerate variant" of a reference nucleic 
acid sequence encompasses nucleic acid sequences that can be translated, 
according to the standard genetic code, to provide an anrnio acid sequence identical 
to that translated from the reference nucleic acid sequence, 
5 [0122] The term "percent sequence identity" or "identical" in the context of 
nucleic acid sequences refers to the residues in the two sequences which are the 
same when aligned for maximum correspondence. The length of sequence identity 
comparison may be over a stretch of at least about nine nucleotides, usually at least 
about 20 nucleotides, more usually at least about 24 nucleotides, typically at least 

10 about 28 nucleotides, more typically at least about 32 nucleotides, and preferably 
at least about 36 or more nucleotides. There are a number of different algorithms 
known in the art which can be used to measure nucleotide sequence identity. For 
instance, polynucleotide sequences can be compared using FASTA, Gap or Bestfit, 
which are programs in Wisconsin Package Version 10.0, Genetics Computer 

15 Group (GCG), Madison, Wisconsin. FASTA provides alignments and percent 
sequence identity of the regions of the best overlap between the query and search 
sequences (Pearson (1990) Methods EnzymoL 183:63-98, incorporated herein by 
reference in its entirety). For instance, percent sequence identity between nucleic 
acid sequences can be determined using FASTA with its default parameters (a 

20 word size of 6 and the NOP AM factor for the scoring matrix) or using Gap with its 
default parameters as provided in GCG Version 6.1, herein incorporated by 
reference. 

[0123] The term "substantial homology*' or "substantial similarity," when 
referring to a nucleic acid or fragmmt thereof, indicates that, when optimally 

25 aligned with appropriate nucleotide insertions or deletions with another nucleic 
acid (or its complementary strand), there is nucleotide sequence idaitity in at least 
about 50%, more preferably 60% of the nucleotide bases, usually at least about 
70%, more usually at least about 80%, preferably at least about 90%, and more 
preferably at least about 95%, 96%, 97%, 98% or 99% of the nucleotide bases, as 

30 measured by any well-known algorithm of sequence identity, such as FASTA, 
BLAST or Gap, as discussed above. 
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[0124] Alternatively, substantial homology or similarity exists when a nucleic 
acid or fragment thereof hybridizes to another nucleic acid, to a strand of another 
nucleic acid, or to the complementary strand thereof^ under stringent hybridization 
conditions. "Stringent hybridization conditions" and "stringent wash conditions" 
5 in the context of nucleic acid hybridization experiments depend upon a number of 
different physical parameters. Nucleic acid hybridization will be affected by such 
conditions as salt concentration, temperature, solvents, the base composition of the 
hybridizing species, length of the complementary regions, and the number of 
nucleotide base nMsmatches between the hybridizing nucleic acids, as will be 
10 readily appreciated by those skilled in the art. One having ordinary skill in the art 
knows how to vary these parameters to achieve a particular stringency of 
hybridization. 

[0125] In general, "stringent hybridization" is performed at about 25°C below the 
thermal melting point (Tm) for the specific DNA hybrid under a particular set of 

15 conditions. "Stringent washing" is performed at temperatures about 5°C lower 
than the Tm for the specific DNA hybrid under a particular set of conditions. The 
Tm is the temperature at which 50% of the target sequence hybridizes to a perfectly 
matched probe. See Sambrook et oL, supra, page 9.5 1 , hereby incorporated by 
reference. For purposes herein, "high stringency conditions" are defined for 

20 solution phase hybridization as aqueous hybridization (i.e., fi:ee of formamide) in 
6X SSC (where 20X SSC contains 3.0 M NaCl and 0.3 M sodium citrate), 1% SDS 
at 65"C for 8-12 hours, followed by two washes in 0.2X SSC, 0.1% SDS at 65'C 
for 20 minutes. It will be appreciated by the skilled artisan that hybridization at 
65^*0 will occur at different rates depending on a number of factors including the 

25 length and percent identity of the sequences which are hybridizing. 

[0126] The term "mutated" when applied to nucleic acid sequences means that 
nucleotides in a nucleic acid sequence may be inserted, deleted or changed 
compared to a reference nucleic acid sequence. A single alteration may be made at 
a locus (a point mutation) or multiple nucleotides may be inserted, deleted or 

30 changed at a single locus. In addition, one or more alterations may be made at any 
number of loci within a nucleic acid sequence. A nucleic acid sequence may be 
mutated by any method known in the art including but not limited to mutagenesis 
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techniques such as "error-prone PGR" (a process for performing PGR under 
conditions where the copying fidelity of the DNA polymerase is low, such that a 
high rate of point mutations is obtained along the entire length of the PGR product. 
See, e.g., Leung et al (1989) Technique 1:11-15 and Caldwell and Joyce (1992) 
5 PCR Methods Applic. 2:28-33); and "oligonucleotide-directed mutagenesis" (a 
process which enables the generation of site-specific mutations in any cloned DNA 
segment of interest See, e.g., Reidhaar-Olson et al (1988) Science 241:53-57). 
[0127] The term "vectof as used herein is intended to refer to a nucleic acid 
molecule capable of transporting another nucleic acid to which it has been Hnked. 

1 0 One type of vector is a '*plasmid", which refers to a circular double stranded DNA 
loop into which additional DNA segments may be Ugated. Other vectors include 
cosmids, bacterial artificial chromosomes (BAG) and yeast artificial chromosomes 
(Y AG). Another type of vector is a viral vector, wherein additional DNA segments 
may be hgated into the viral genome (discussed in more detail below). Gertain 

1 5 vectors are capable of autonomous repUcation in a host cell into which they are 
introduced (e.g., vectors having an origin of replication which fimctions in the host 
cell). Other vectors can be integrated into the genome of a host cell upon 
introduction into the host cell, and are thereby replicated along with the host 
genome. Moreover, certain preferred vectors are capable of directing the 

20 expression of genes to which they are operatively linked. Such vectors are referred 
to herein as "recombinant expression vectors" (or simply, "expression vectors"). 
[0128] "Operatively linked" expression control sequences refers to a linkage in 
which the expression control sequence is contiguous with the gene of interest to 
control the gene of interest, as well as expression control sequences that act in 

25 trails or at a distance to control the gene of interest. 

[0129] The term "expression control sequence" as used herein refers to 
polynucleotide sequences which are necessary to affect the expression of coding 
sequences to which they are operatively linked. Expression control sequences are 
sequences which control the transcription, post-transcriptional events and 

30 translation of nucleic acid sequences. Expression control sequences include 

appropriate transcription initiation, termination, promoter and enhancer sequences; 
efiScient RNA processing signals such as splicing and polyadenylation signals; 
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sequences that stabilize cytoplasmic mRNA; sequences that enhance translation 
efficiency (e,g.y ribosome binding sites); sequences that enhance protein stability; 
and when desired, sequences that enhance protein secretion. The nature of such 
control sequences differs depending upon the host organism; in prokaryotes, such 
S control sequences generally include promoter, ribosomal binding site, and 

transcription termination sequence. The term "control sequences" is intended to 
include, at a minimum, all componmts whose presence is essential for expression, 
and can also include additional components whose presence is advantageous, for 
example, leader sequences and fusion partner sequences. 

10 [0130] The term ^'recombinant host cell" (or simply "host cell"), as used herein, 
is intended to refer to a cell into which a nucleic acid such as a recombinant vector 
has been introduced. It should be understood that such t^ms are intended to refer 
not only to the particular subject cell but to the progeny of such a cell. Because 
certain modifications may occur in succeeding generations due to either mutation 

15 or environmental influences, such progeny may not, in fact, be identical to the 
parent cell, but are still included within the scope of the term "host cell" as used 
herein. A recombinant host cell may be an isolated cell or cell line grown in 
culture or may be a cell which resides in a living tissue or organism. 
[0131] The term "peptide" as used herein refers to a short polypeptide, e.g., one 

20 that is typically less than about SO amino acids long and more typically less than 
about 30 amino acids long. The term as used herein encompasses analogs and 
mimetics that mimic structural and thus biological function. 
(0132] The term "polypeptide" as used herein encompasses both naturally- 
occurring and non-naturally-occurring proteins, and firagments, mutants, 

25 derivatives and analogs thereof. A polypeptide may be monomeric or polymeric. 
Further, a polypeptide may comprise a number of different domains each of which 
has one or more distinct activities. 

[0133] The term ^Isolated protein" or "isolated polypeptide" is a protein or 
polypeptide that by virtue of its origin or source of derivation (1) is not associated 
30 with naturally associated components that accompany it in its native state, (2) 
when it exists in a purity not found in nature, where purity can be adjudged with 
respect to the presence of other cellular matOTal (e.g., is fi-ee of other proteins firom 
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the same species) (3) is expressed by a cell from a different species, or (4) does not 
occur in nature (e.g., it is a fragment of a polypeptide found in nature or it includes 
amino acid analogs or derivatives not found in nature or linkages other than 
standard peptide bonds). Thus, a polypeptide that is chemically synthesized or 
S synthesized in a cellular system differrat from the cell from which it naturally 
originates will be "isolated** from its naturally associated components. A 
polypeptide or protein may also be rendered substantially free of naturally 
associated components by isolation, using protein purification techniques well- 
known in the art. As tiius defined, "isolated" does not necessarily require that the 
1 0 protein, polypeptide, peptide or oligopeptide so described has been physically 
removed from its native environment. 

[0134] The tenm "polypeptide fragment" as used herein refers to a polypeptide 
that has an amiho-terminal and/or carboxy-terminal deletion compared to a ftiU- 
length polypeptide. In a preferred embodiment, the polypeptide fragment is a 

15 contiguous sequence in which the amino acid sequence of the fragment is identical 
to the corresponding positions in the naturally-occurring sequence. Fragments 
typically are at least 5, 6, 7, 8, 9 or 10 amino acids long, preferably at least 12, 14, 
16 or 18 amino acids long, more preferably at least 20 amino acids long, more 
preferably at least 25, 30, 35, 40 or 45, amino acids, even more preferably at least 

20 50 or 60 amino acids long, and even more preferably at least 70 amino acids long. 
[0135] A "modified derivative" refers to polypeptides or firagments thereof that 
are substantially homologous in primary structural sequence but which include, 
eg., in vivo or in vitro chOTiical and biochemical modifications or which 
incorporate andno acids that are not found in the native polypeptide. Such 

25 modifications include, for example, acetylation, carboxylation, phosphorylation, 
glycosylation, ubiquitination, labeling, e.g., with radionuclides, and various 
enzymatic modifications, as will be readily appreciated by those well skilled in the 
art. A variety of mefliods for labeling polypeptides and of substituents or labels 
usefiil for such purposes are well-known in the art, and include radioactive isotopes 

30 such as ^^^I, ^^P, ^^S, and ^H, ligands which bind to labeled antiligands (e.g., 
antibodies), fluorophores, chemiluminescent agents, enzymes, and antiligands 
which can serve as specific binding pair members for a labeled Ugand. The choice 
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of label depends on the sensitivity required, ease of conjugation with the primer, 
stability requirements, and available instrumentation. Methods for labeling 
polypeptides are well-known in the art. See Ausubel et al. Current Protocols in 
Molecular Biology^ Greene Publishing Associates (1992, and Supplements to 
5 2002), hereby incorporated by reference. 

[0136] A '*polypeptide*mutant" or "mutein" refers to a polypeptide whose 
sequence contains an insertion, duplication, deletion, rearrangement or substitution 
of one or more amino acids compared to the amino acid sequence of a native or 
wild-type protein. A mutein may have one or more amino acid point substitutions, 

10 in which a single amino acid at a position has been changed to another amino acid, 
one or more insertions and/or deletions, in which one or more amino acids are • 
inserted or deleted, respectively, in the sequence of the naturally-occurring protein, 
and/or truncations of the amino acid sequence at either or both the amino or 
carboxy termini. A mutein may have the same but preferably has a different 

15 biological activity compared to the naturally-occurring protein. 

[0137] A mutein has at least 70% overall sequence homology to its wild-type 
counterpart. Even more preferred are muteins having 80%, 85% or 90% overall 
sequence homology to the wild-type protein. In an even more preferred 
embodiment, a mutein exhibits 95% sequence identity, even more preferably 97%, 

20 even more preferably 98% and even more preferably 99% overall sequence 

identity. Sequence homology may be measured by any common sequence analysis 
algorithm, such as or Bestfit. 

[0138] Preferred amino acid substitutions are those which: (1) reduce 
suscq)tibility to proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding 
25 afGnity for fonning protein complexes, (4) alter binding affinity or enzymatic 

activity, and (5) confer or modify other physicochemical or functional properties of 
such analogs. 

[0139] As used herein, the twenty conventional amino acids and their 
abbreviations follow conventional usage. See Immunology - A Synthesis (2"** 
30 Edition, E.S. Golub and D.R. Gren, Eds., Sinauer Associates, Sunderland, Mass. 
(1 99 1)), which is incorporated herein by reference. Stereoisomers (e.g. , D-amino 
acids) of the twenty conventional amino acids, unnatural amino acids such as c^. 
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Oi-disubstituted amino acids, iV-alkyl amino acids, and other unconventional amino 
acids may also be suitable components for polypeptides of the present invention. 
Examples of imconventional amino acids include: 4-hydroxyproline, 
7-carboxyglutamate, e-^T.^A^-trimethyllysine, €-iV-acetyllysine, 0-phosphoserine, 
5 A^-acetylserine, iV-formylmethionine, 3-methylhistidine, 5-hydroxylysine, 
7V-methylarginine» and other similar amino acids and imino acids (e.g., 
4-hydroxyproline). In the polypeptide notation used herein, the left-hand direction 
is the amino terminal direction and the right hand direction is the carboxy-terminal 
direction, in accordance with standard usage and convention. 

10 [0140] A protein has 'Tiomology*' or is *Tiomologous" to a second protein if the 
nucleic acid sequence that encodes the protein has a similar sequence to the nucleic 
acid sequence that encodes the second protein. Alternatively, a protein has 
homology to a second protein if the two proteins have "sinoilar" amino acid 
sequences. (Thus, the term "homologous proteins" is defined to mean that the two 

15 proteins have similar amino acid sequences). In a preferred embodiment, a 

homologous protein is one that exhibits 60% sequence homology to the wild type 
protein, more preferred is 70% sequence homology. Even more preferred are 
homologous proteins that exhibit 80%, 85% or 90% sequence homology to the 
wild type protein. In a yet more preferred embodiment, a homologous protem 

20 exhibits 95%, 97%, 98% or 99% sequence identity. As used herein, homology 
between two regions of amino acid sequence (especially with respect to predicted 
structural similarities) is interpreted as implying similarity in function. 
[01411 When *1iomologous" is used in reference to proteins or peptides, it is 
recognized that residue positions that are not identical often differ by conservative 

25 amino acid substitutions. A ""conservative amino acid substitution" is one in which 
an amino acid residue is substituted by another amino acid residue having a side 
chain (R group) with similar chemical properties (e.g., charge or hydrophobicity). 
In general, a conservative amino acid substitution will not substantially change the 
functional properties of a protein. In cases where two or more amino acid 

30 sequences differ from each other by conservative substitutions, the percent 

sequence identity or degree of homology may be adjusted upwards to correct for 
the conservative nature of the substitution. Means for making this adjustment are 
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well known to those of skill in the art (see, e.g.y Pearson (1990) Methods EnzymoL 
183:63-98). 

[0142] The following six groups each contain amino acids that are conservative 
substitutions for one another: 1) Serine (S), Threonine (T); 2) Aspartic Acid (D), 
5 Glutamic Acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine 
(K); 5) Isoleucine (I), Leucine (L), Methionine (M), Alanine (A), Valine (V), and 
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

[0143] Sequence homology for polypeptides, which is also referred to as percent 
sequence identity, is typically measured using sequence analysis software. See, 

1 0 e.g. , the Sequence Analysis Software Package of the Genetics Computer Group 
(GCG), University of Wisconsin Biotechnology Center, 910 University Avenue, 
Madison, Wisconsin 53705. Protein analysis software matches similar sequences 
using measure of homology assigned to various substitutions, deletions and other 
modifications, including conservative amino acid substitutions. For instance, GCG 

15 contains programs such as "Gap" and "Bestfit" which can be used with default 
parameters to determine sequence homology or sequence identity between closely 
related polypeptides, such as homologous polypeptides firom different species of 
organisms or between a wild type protein and a mutein thereof See, e.g., GCG 
Version 6.1. 

20 [0144] A preferred algorithm when comparing a inhibitory molecule sequence to 
a database containing a large number of sequences from different organisms is the 
computer program BLAST (Altschul et al (1990) 1 Mol Biol 215:403-410; Gish 
and States (1993) Nature Genet 3:266-272; Madden et al (1996) Meth. Enzymol 
266:131-141; Altschul etal (1997) Nucleic Acids i2es.25:3389-3402; Zhang and 

25 Madden (1997) Genome Res. 7:649-656), especially blastp or tblastn (Altschul et 
a/., 1997). Preferred parameters for BLASTp are: Expectation value: 10 
(default); Filter: seg (default); Cost to open a gap: 1 1 (default); Cost to extend a 
gap: 1 (default); Max. alignments: 100 (default); Word size: 1 1 (default); No. of 
descriptions: 100 (default); Penalty Matrix: BLOWSXJM62. 

30 [0145] The length of polypeptide sequences compared for homology will 
generally be at least about 16 amino acid residues, usually at least about 20 
residues, more usually at least about 24 residues, typically at least about 28 
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residues, and preferably more than about 35 residues. When searching a database 
containing sequences from a large number of different organisms, it is preferable to 
compare amino acid sequences. Database searching using amino acid sequences 
can be measured by algorithms other than blastp known in the art. For instance, 
5 polypeptide sequences can be compared using FASTA, a program in GCG Version 
6.1. FASTA provides alignments and percent sequence identity of the regions of 
the best overlap between the query and search sequences {see Pearson (1990) 
Methods EnzymoL 183:63-98). For example, percent sequence identity between 
amino acid sequences can be determined using FASTA with its default parameters 
10 (a word size of 2 and the PAM250 scoring matrix), as provided in GCG Version 
6. 1 , herein incorporated by reference. 

[0146] The term "fusion protem" refers to a polypeptide comprising a 
polypeptide or fragment coupled to heterologous amino acid sequences. Fusion 
proteins are useful because they can be constructed to contain two or more desired 

15 functional elements from two or more different proteins. A fusion protein 

comprises at least 10 contiguous amino acids from a polypeptide of interest, more 
preferably at least 20 or 30 amino acids, even more preferably at least 40, 50 or 60 
amino acids, yet more preferably at least 75, 100 or 125 amino acids. Fusion 
proteins can be produced recombinantly by constructing a nucleic acid sequence 

20 which encodes the polypeptide or a fragment thereof in-frame with a nucleic acid 
sequence encoding a different protein or peptide and then expressing the fusion 
protein. Alternatively, a fusion protein can be produced chemically by 
crosslinking the polypeptide or a fragment ttiereof to another protein. 
[0147] The term **region" as used herein refers to a physically contiguous portion 

25 of the primary structure of a biomolecule. In the case of proteins, a region is 
defined by a contiguous portion of the anuno acid sequence of that protein. 
[0148] The term "domain" as used herein refers to a structure of a biomolecule 
that contributes to a known or suspected function of the biomolecule. Domains 
may be co-extensive with regions or portions thereof; domains may also include 

30 distinct, non-contiguous regions of a biomolecule. Examples of protein domains 
include, but are not limited to, an Ig domain, an extracellular domain, a 
transmembrane domain, and a cytoplasmic domain. 
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[0149] As used herein, the tenn ''molecule" means any compound, including, but 
not limited to, a small molecule, peptide, protein, sugar, nucleotide, nucleic acid, 
lipid, etc., and such a compound can be natural or synthetic. / 
[0150] Unless otherwise defined, all technical and scientific terms used herein 
S have the same meaning as commonly understood by one of ordinary skill in the art 
to which this invention pertains. Exemplary methods and materials are described 
below, althougih methods and materials similar or equivalent to those described 
herein can also be used in the practice of the present invention and will be ^parent 
to those of skill in the art. All publications and other references mentioned herein 

10 are incorporated by reference in their ratirety. In case of conflict, the present 
specification, including definitions, will control. The materials, methods, and 
examples are illustrative only and not intended to be limiting. 
[0151] Throughout this specification and claims, the word "comprise" or 
variations such as "comprises" or "comprising", will be understood to imply the 

15 inclusion of a stated integer or group of integers but not the exclusion of any other 
integer or group of integers. 

Methods For Producing Human-like Glycoproteins In Lower Eukaryotic Host 
Cells 

20 [0152] The invention provides methods for producing a glycoprotein having 
human-like glycosylation in a non-human eukaryotic host cell. As described in 
more detail below, a exikaryotic host cell that does not naturally express, or which 
is engineered not to express, one or more enzymes involved in production of high 
mannose structures is selected as a starting host cell. Such a selected host cell is 

25 engineered to express one or more enzymes or other factors required to produce 
human-like glycoproteins. A desired host strain can be engineered one enzyme or 
more than one enzyme at a time. In addition, a nucleic acid molecule encoding one 
or more enzymes or activities may be used to engineer a host strain of the 
invention. Preferably, a library of nucleic acid molecules encoding potentially 

30 useful enzymes (e.g., chimeric enzymes comprising a catalytically active enzyme 
firagment ligated in-firame to a heterologous subcellular targeting sequence) is 
created (e.g., by ligation of sub-hbraries comprising enzymatic fiagments and 
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subcellular targeting sequences), and a strain having one or more enzymes with 
optimal activities or producing the most 'liuman-like" glycoproteins may be 
selected by transforming target host cells with one or more members of the library. 
[0153] In particular, the methods described herein enable one to obtain, in vivo, 
5 MansGlcNAc2 structures in higih yield, at least transiently, for the pxupose of 
further modifying it to yield complex iV-glycans. A successful scheme to obtain 
suitable Man5GlcNAc2 structures in appropriate yields in a host cell, such as a 
lower eukaryotic organism, generally involves two parallel approaches: (1) 
reducing high mannose structures made by endogenous mannosyltransferase 
1 0 activities, if any, and (2) removing 1 ,2- a- mannose by mannosidases to yield high 
levels of suitable Man5GlcNAc2 structures which may be further reacted inside the 
host cell to form complex, human-like glycoforms. 

[0154] Accordingly, a first step involves the selection or creation of a eukaryotic 
host cell, e.g,y a lower eukaryote, capable of producing a specific precursor 

15 structure of Man5GlcNAc2 that is able to accept in vivo GlcNAc by the action of a 
GlcNAc transferase I ("GnTI"). In one embodiment, the method involves making 
or using a non-human eukaryotic host cell depleted in a 1,6 mannosyltransferase 
activity with respect to the A^-glycan on a glycoprotein. Preferably, the host cell is 
depleted in an initiating 1,6 mannosyltransferase activity (see below). Such a host 

20 cell will lack one or more enzymes involved in the production of high mannose 
structures which are undesirable for producing human-like glycoproteins. 
[0155] One or more enzyme activities are then introduced into such a host cell to 
produce iST-glycans within the host cell characterized by having at least 30 mol % 
of the Man5GlcNAc2 (**Man5'0 carbohydrate structures. Man5GlcNAc2 structures 

25 are necessary for complex iV^glycan formation: MansGlcNAc2 must be formed in 
vivo in a high yield in excess of 30%), at least transiently, as subsequent 
manunalian- and human-like glycosylation reactions require Man5GlcNAc2 or a 
derivative thereof. 

[0156] This step also requires the formation of a particular isomeric structure of 
30 Man5GlcNAc2 within the cell at a high yield. While Man5GlcNAc2 structures are 
necessary for complex iV^glycan formation, their presence is by no means 
sufficient. That is because Man5GlcNAc2 may occur in different isomeric forms, 
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which may or may not serve as a substrate for GlcNAc transferase I. As most 
glycosylation reactions are not complete, a particular glycosylated protein 
generally contains a range of different carbohydrate structures (i,e,, glycoforms) on 
its surface. Thus, the mere presence of trace amounts (i.e.j less than 5%) of a 

5 particular structure like Man5GlcNAc2 is of little practical relevance for producing 
mammalian- or human-like glycoproteins. It is the formation of a GlcNAc 
transferase I-accepting MansGlcNAcz intermediate (Figure IB) in higih yield (ie,^ 
above 30%), which is required. The formation of this intermediate is necessary to 
enable subsequent in vivo synthesis of complex A^-glycans on glycosylated proteins 

10 of interest (target proteins). 

[01571 Accordingly, some or all of the Man5GlcNAc2 produced by flie selected 
host cell must be a productive substrate for enzyme activities along a mammalian 
glycosylation pathway, e.g., can serve as a substrate for a GlcNAc transferase I 
activity in vzvo, thereby forming the human-like A^-glycan intermediate 

15 GlcNAcMansGlcNAcz in the host cell. In a preferred embodiment, at least 10%, 
more preferably at least 30% and most preferably 50% or more of the , 
Man5GlcNAc2 intermediate produced in the host cell of the invention is a 
productive substrate for GnTI in vivo. Tt is understood that if, for example, 
GlcNAcMansGlcNAca is produced at 10% and Man5GlcNAc2 is produced at 25% 

20 on a target protein, that the total amount of transiently produced Man5GlcNAc2 is 
35% because GlcNAcMansGlcNAca is a product of MansGlcNAca. 
[0158] One of ordinary skill in the art can select host cells from nature, e,g.y 
existing fimgi or other lower eukaryotes that produce significant levels of 
MansGlcNAca in vivo. As yet, however, no lower eukaryote has been shown to 

25 provide such structures in vivo in excess of 1 .8% of the total iV^glycans (see e.g. 
Maras et al (1997) Eur. J. Biochem. 249:701-707). Altematively, such host cells 
may be genetically engineered to produce the Man5GlcNAc2 structure in vivo. 
Methods such as those described in U.S. Patent No. 5,595,900 may be used to 
identify the absence or presence of particular glycosyltransferases, mannosidases 

30 and sugar nucleotide transporters in a target host cell or organism of interest. 
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Inactivation of Undesirable Host Cell Glycosylation Enzymes 

[0159] The methods of the invention are directed to making host cells which 
produce glycoproteins having altered, and preferably human-like, iV-glycan 
structures. In a preferred embodiment, the methods are directed to making host 
5 cells in which oligosaccharide precursors are enriched in MansGlcNAca. 
Preferably, a eukaryotic host cell is used that does not express one or more 
enzymes involved in the production of high mannose structures. Such a host cell 
may be found in nature or may be engineered, e,g, , starting with or derived from 
one of many such mutants aheady described in yeasts. Thus, depending on the 

1 0 selected host cell, one or a number of genes that encode enzymes known to be 
characteristic of non-human glycosylation reactions will have to be deleted. Such 
genes and their corresponding proteins have been extensively characterized in a 
numberof lower eukaryotes {e.g., S. cerevisiae, T. reesei, A. nidulans, etc.), 
thereby providing a list of known glycosyltransferases in lower eukaryotes, their 

15 activities and their respective genetic sequence. These genes are likely to be 
selected from the group of mannosyltransferases, e.g. 1,3 maimosyltransferases 
{e.g. MNNl in S. cerevisiae) (Graham, 1991), 1,2 mannosyltransferases (e.g. 
KTRIKRE family from 5. cerevisiae), 1,6 mannosyltransferases {OCHl from S, 
cerevisiae), mannosylphosphate transferases and their regulators {MNN4 and 

20 MNN6 from 5. cerevisiae) and additional enzymes that are involved in aberrant, 
z.e., non-hiunan, glycosylation reactions. Many of these genes have in fact been 
deleted individually giving rise to viable phenotypes with altered glycosylation 
profiles. Examples are shown in Table 1. 

[0160] Preferred lower eukaryotic host cells of the invention, as described herein 
25 to exemplify the required manipulation steps, are hypermannosylation-minus 
{ochl) mutants of Pichia pastoris or K, lactis. Like other lower eukaryotes, P. 
pastoris processes ManpGlcNAca structures in the ER with an a-l,2-mannosidase 
to yield Man8GlcNAc2 (Figure 1 A). Through the action of several 
mannosyltransferases, this structure is then converted to hypermannosylated 
30 structures (Man>9GlcNAc2), also known as mannans (Figure 35A). In addition, it 
has been found that P. pastoris is able to add non-terminal phosphate groups, 
through the action of mannosylphosphate transferases, to the carbohydrate 
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Structure. This differs from the reactions performed in mammalian cells, which 
involve the removal rather than addition of mannose sugars (Figure 35 A). It is of 
particular importance to eliminate the ability of the exikaryotic host cell, 
fungus, to hypermannosylate an existing MangGlcNAca structure. This can be 
5 achieved by either selecting for a host cell that does not hypennannosylate or by 
genetically engineering such a cell. 

[0161] Genes that are involved in the hypermannosylation process have been 
identified, e.g., in Pichia pastoris, and by creating mutations in these genes, one 
can reduce the production of '"undesirable" glycoforms. Such genes can be 

1 0 identified by homology to existing mannosyltransferases or their regulators (e.g, , 
OCHl, MNN4, MNN6, MNNl) found in other lower eukaryotes such as C. 
albicans, Pichia angusta or S. cerevisiae or by mutagenizing the host strain and 
selecting for a glycosylation phenotype with reduced mannosylation. Based on 
homologies amongst known mannosyltransferases and mannosylphosphate 

15 transferases, one may either design PCR primers (examples of which are shown in 
Table 2), or use genes or gene fragments encoding such enzymes as probes to 
identify homologs in DNA libraries of the target or a related organism. 
Alternatively, one may identify a functional homolog having mannosyltransferase 
activity by its ability to complement particular glycosylation phenotypes in related 

20 organisms. 



Table 2. PCR Primers 



PCR primer A 


PCR primer B 


Target Genef s") in P. 
pastoris 


Homologs 


ATGGCGAAGGCA 

GATGGCAGT 

(SEQIDNO:3) 


TTAGTCCTTCCAA 
CTTCCTTC (SEQ 
ID N0:4) 


1,6- 

maimosyltransferase 


OCHl S, cerevisiae, 
Pichia albicans 


TAYTGGMGNGTN 
GARCYNGAYATH 
AA (SEQIDNO:5) 


GCRTCNCCCCANC 
KYTCRTA (SEQ ID 
N0:6) 


1,2 

mamiosyltransferases 


KTRi^KRE family, 5. 
cerevisiae 



Legend: M = A or C, R = A or G, W A or T, S = C or G, 
25 Y = CorT,K = GorT,V = AorCorG,H = AorCorT,D = AorGorT,B = CorGorT.N = 
GorAorTorC. 



[0162] To obtain the gene or genes encoding 1,6-mannosyltransferase activity in 
P. pastoris, for example, one would carry out the following steps: OCHI mutants 
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of «S. cerevisiae are temperature sensitive and are slow growers at elevated 
temperatures. One can thus identify functional homologs of OCHl in P, pastoris 
by complementing an OCHl mutant of 5. cerevisiae with a P. pastoris DNA or 
cDNA library. Mutants of & cerevisiae are available, e^g.^ from Stanford 
5 University, and are commercially available from ResGen, Invitrogen Corp. 
(Carlsbad, CA). Mutants that display a normal growth phenotype at elevated 
temperature, after having been transformed with a P. pastoris DNA library, are 
likely to carry an OCHl homolog of P. pastoris. Such a library can be created by 
partially digestmg chromosomal DNA of P. pastoris with a suitable restriction 
1 0 enzyme and, after inactivating the restriction enzyme, ligating the digested DNA 
into a suitable vector, which has been digested with a compatible restriction 
enzyme. 

[0163] Suitable vectors include, e.g., pRS3 14, a low copy (CEN6/ARS4) plasmid 
based on pBluescript containing the Trpl marker (Sikorski and Hieter (1989) 

15 Genetics 122:19-27) and pFL44S, a high copy (2[i) plasmid based on a modified 
pUC19 containing the URA3 marker (Bonneaud et al (1991) Yeast 7:609-615). 
Such vectors are commonly used by academic researchers and similar vectors are 
available from a number of different vendors {e.g, Invitrogen (Carlsbad, CA); 
Pharmacia (Piscataway, NJ); New England Biolabs (Beverly, MA)), Further 

20 examples include pYES/GS, 2}j, origin of replication based yeast expression 
plasmid from Invitrogen, or Yep24 cloning vehicle fix>m New England Biolabs. 
[0164] After ligation of the chromosomal DNA and the vector, one may 
transform the DNA library into a strain of 51 cerevisiae with a specific mutation 
and select for the correction of the corresponding phenotype. After sub-cloning 

25 and sequencing the DNA fragment that is able to restore the wild-type phenotype, 
one may use this firagment to eliminate the activity of the gene product encoded by 
OCHl in P. pastoris using in vivo mutagenesis and/or recombination techniques 
well-known to those skilled in the art. 

[0165] Alternatively, if the entire genomic sequence of a particular host cell, 
30 fungus, of interest is known, one may identify such genes simply by searching 
publicly available DNA databases, which are available from several soiurces, such 
as NCBI, Swissprot. For example, by searching a given genomic sequence or 
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database with sequences from a known 1,6 mannosyltransferase gene {e.g., OCHl 
from S. cerevisiae), one can identify genes of high homology in such a host cell 
genome which may (but do not necessarily) encode proteins that have 1,6- 
maimosyltransferase activity. Nucleic acid sequence homology alone is not 

5 enough to prove, however, that one has identified and isolated a homolog encoding 
an enzyme having the same activity. To date, for example,, no data exist to show 
that an OCHl deletion in P. pastoris eliminates the crucial initiating 1,6- 
mannosyltransferase activity (Martinet et al (1998) Biotech, Letters 20(12):1 171- 
1 177; Contreras et al WO 02/00856 A2). Thus, no data prove that the P, pastoris 

10 OCHl gene homolog actually encodes that function. That demonstration is 
provided for the first time herein. 

[0166] Homologs to several S, cerevisiae mannosyltransferases have been 
identified in P. pastoris using these approaches. Homologous genes often have 
similar functions to genes involved in the mannosylation of proteins in S. 

15 cerevisiae and thus their deletion may be used to manipulate the glycosylation 
pattern in P, pastoris or, by analogy, in any other host cell, fungus, plant, 
insect or animal cells, with similar glycosylation pathways, 
[0167] The creation of gene Icnock-outs, once a given target gene sequence has 
been determined, is a well-estabhshed technique in the art and can be carried out 

20 by one of ordinary skill in the art {see, Rothstein (1991) Methods in 

Eftzymology 194:281), The choice of a host organism may be influenced by the 
availability of good transformation and gene disruption techniques. 
[01 68] If several mannosyltransferases are to be knocked out, the method 
developed by Alani and Kleckner (1987) Genetics 116:541-545, for example, 

25 enables the repeated use of a selectable marker, e.g., the URA3 marker in yeast, to 
sequentially eliminate all undesirable endogenous mannosyltransferase activity. 
This technique has been refined by others but basically involves the use of two 
repeated DNA sequences, flanking a counter selectable marker. For example: 
URA3 may be used as a marker to ensure the selection of a transformants that have 

30 integrated a construct. By flanking the URA3 marker with direct repeats one may 
first select for transformants that have integrated the construct and have thus 
disrupted the target gene. After isolation of the transformants, and their 
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characterization, one may counter select in a second round for those that are 
resistant to 5-fluoroorotic acid (5-FOA). Colonies that are able to survive on plates 
containing 5-FOA have lost the URAS marker again through a crossover event 
mvolving the repeats mentioned earher. This approach thus allows for the repeated 
5 use of the same marker and facilitates the disruption of multiple genes without 
requiring additional markers. Sunilar techniques for sequential elimination of 
genes adapted for use in another eukaryotic host cells with other selectable and 
counter-selectable markers may also be used. 
[0169] Eliminating specific mannosyltransferases, such as 1,6 
1 0 mannosyltransferase {OCHl) or mannosylphosphate transferases {MNN6, or genes 
complementing Ibd mutants) or regulators (MNN4) in P. pastoris enables one to 
create engineered strains of this organism which synthesize primarily 
MangGlcNAca and which can be used to further modify the glycosylation pattern to 
resemble more complex glycoform structures, eg,, those produced in mammalian, 

1 5 e.g, , human cells. A preferred embodiment of this method utilizes DNA sequences 
encoding biochemical glycosylation activities to eliminate similar or identical 
biochemical functions m P. pastoris to modify the glycosylation structure of 
glycoproteins produced in the genetically altered P. pastoris strain. 
[0170] Methods used to engineer the glycosylation pathway in yeasts as 

20 exemphfied herein can be used m filamentous fimgi to produce a preferred 
substrate for subsequent modification. Strategies for modifying glycosylation 
pathways in A, niger and other filamentous fungi, for example, can be developed 
using protocols analogous to those described herein for engmeering strains to 
produce human-like glycoproteins in yeast. Undesired gene activities involved in 

25 1,2 mannosyltransferase activity, e.g., KTR/KRE homologs, are modified or 

eliminated. A filamentous fungus, such as Aspergillus, is a preferred host because 
it lacks the 1,6 mannosyltransferase activity and as such, one would not expect a 
hypennannosylating gene activity, e.g. OCHl, in this host. By contrast, other 
desired activities (e,g., a-l,2-mannosidase, UDP-GlcNAc transporter, 

30 glycosyltransferase (GnT), galactosyltransferase (GalT) and sialyltransferase (ST)) 
involved in glycosylation are introduced into the host using the targeting methods 
of the invention. 
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Engineering or Selecting Hosts Having Diminished Initiating 
0^1,6 Mannosyltransferase Activity 

[0171] In a preferred embodiment, the method of the invention involves making 
5 or using a host cell which is diminished or depleted in the activity of an initiating 
a-l,6-mannosyltransferase, Le,y an initiation specific enzyme that initiates outer 
chain mannosylation on the a- 1,3 arm of the Man3GlcNAc2 core structure. In S. 
cerevisiae, this enzyme is encoded by the OCHl gene. Disruption of the OCHl 
gene in cerevisiae results in a phenotype in which ^-linked sugars completely 

10 lack the poly-mannose outer chain. Previous approaches for obtaining 

mammalian-type glycosylation in fungal strains have required inactivation of 
OCHl (see, eg., Chiba et al (1998) 1 Biol Chem. 273:26298-304). Disruption of 
the initiating a-1 ,6-mannosyltransferase activity in a host cell of the invention may 
be optional, however (depending on the selected host cell), as the Ochlp enzyme 

1 5 requires an intact Man8GlcNAc2 for efficient mannose outer chain initiation. Thus, 
host cells selected or produced according to this invention which accumulate 
ohgosaccharides having seven or fewer mannose residues may produce 
hypoglycosylated //-glycans that will likely be poor substrates for Ochlp (see, e.g., 
Nakayamae/fl/. (1997) FEBS Lett. 4 12(3): 547-50). 

20 [01721 The OCHl gene was cloned from P, pastoris (Example 1) and K, lactis 
(Example 9), as described. The nucleic acid and amino acid sequences of the 
OCHl gene from K. lactis are set forth in SEQ ID N0s:7 and 8. Using gene- 
specific primers, a construct was made from each clone to delete the OCHl gene 
from the genome of P. pastoris and K, lactis (Examples 1 and 9^ respectively). 

25 Host cells depleted in initiating a- 1 ,6-mannosyltransferase activity and engineered 
to produce AT-glycans having a Man5GlcNAc2 carbohydrate stracture were thereby 
obtained {see, eg., Figures 5, 6, and 12; Examples 4 and 9), 
[0173] Thus, in another embodiment, the invention provides an isolated nucleic 
acid molecule having a nucleic acid sequence comprising or consisting of at least 

30 forty-five, preferably at least 50, more preferably at least 60 and most preferably 
75 or more nucleotide residues of the AT. lactis OCHl gene (SEQ ID NO: 7), and 
homologs, variants and derivatives thereof The invention also provides nucleic 



51 



wo 2004/074461 



PCT/US2004/005191 



acid molecules that hybridize under stringent conditions to the above-described 
nucleic acid molecules. Similarly, isolated polypeptides (including muteins, allelic 
variants, fragments, derivatives, and analogs) encoded by the nucleic acid 
molecules of the invention are provided. Also provided are vectors, including 
5 expression vectors, which comprise the above nucleic acid molecules of the 
invention, as described further herein. Similarly, host cells transformed with the 
nucleic acid molecules or vectors of the invention are provided. 
[0174] The invention furtha: provides methods of making or iising a non-human 
eukaryotic host cell diminished or depleted in an alg gene activity alg 

10 activities, including equivalent enzymatic activities in non-fimgal host cells) and 
introducing into the host cell at least one glycosidase activity. In a preferred 
embodiment, ttie glycosidase activity is introduced by causing expression of one or 
more mannosidase activities within the host cell, for example, by activation of a 
mannosidase activity, or by expression from a nucleic acid molecule of a 

15 mannosidase activity, in the host cell. 

[0175] In another embodiment, the method involves making or using a host cell 
diminished or depleted in the activity of one or more enzymes that transfer a sugar 
residue to the 1,6 arm of lipid-linlced oligosaccharide precursors (Figure 13), A 
host cell of the invention is selected for or is engmeered by introducing a mutation 

20 in one or more of the genes encoding an enzyme that transfers a sugar residue , 
mannosylates) the 1,6 arm of a lipid-linked oligosaccharide precursor. The sugar 
residue is more preferably mannose, is preferably a glucose, GlcNAc, galactose, 
sialic acid, fiicose or GlcNAc phosphate residue. In a preferred embodiment, the 
activity of one or more enzymes that maimosylate the 1,6 arm of lipid-linked 

25 oligosaccharide precursors is diminished or depleted. The method may further 
comprise the step of introducing into the host cell at least one glycosidase activity 
(see below). 

[0176] In yet another embodiment, the invention provides a method for 
producing a human-like glycoprotein in a non-human host, wherein the 
30 glycoprotein comprises an A^-glycan having at least two GlcNAcs attached to a 
trimannose core structure. 
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[01771 In each above embodiment, the method is directed to making a host cell 
in which the lipid-linked oligosaccharide precursors are enriched in ManxGlcNAca 
structures, where X is 3, 4 or 5 (Figure 14). These structures are transferred in the 
ER of the host cell onto nascent polypeptide chains by an oligosaccharyl- 
5 transferase and may then be processed by treatment with glycosidases {e.g., a- 
mannosidases) and glycosyltransferases (e.g., GnTl) to produce iV-glycans having 
GlcNAcManxGlcNAc2 core structures, wherein X is 3, 4 or 5, and is preferably 3 
(Figures 14 and 15). As shown in Figure 14, JV-glycans having a 
GlcNAcManxGlcNAc2 core structure where X is greater than 3 may be converted 
10 to GlcNAcMan3GlcNAc2, e.g., by treatment with an 0-1,3 and/or 0-1,2-1,3 
mannosidase activity, where applicable. 

[0178] Additional processing of GlcNAcMan3GlcNAc2 by treatment with 
glycosyltransferases ie.g., QaTE) produces GlcNAc2Man3GlcNAc2 core structures 
which may then be modified, as desired, e.g., by ex vivo treatment or by 
1 5 heterologous expression in the host cell of a set of glycosylation enzymes, 

including glycosyltransferases, sugar transporters and mannosidases (see below), 
to become human-like ^-glycans. Preferred human-like glycoproteins which may 
be produced according to the invention include those which comprise A^-glycans 
having seven or fewer, or three or fewer, mannose residues; comprise one or more 
.20 sugars selected from the group consisting of galactose, GlcNAc, siahc acid, and 
fucose; and comprise at least one oligosaccharide branch comprising the structure 
NeuNAc-Gal-GlcNAc-Man. 

[01 79] hi one embodiment, the host cell has diminished or depleted Dol-P- 
Man:Man5GlcNAc2-PP-Dol Mannosyltransferase activity, which is an activity 

25 involved in the first mannosylation step &om Man5GlcNAc2-PP-Dol to 

Man6GlcNAc2-PP-Dol at the luminal side of the ER (e.g., ALG3 Figure 13; Figure 
14). In S. cerevisiae, this enzyme is encoded by the ALG3 gene. As described 
above, S. cerevisiae cells harboring a leaky alg3-l mutation accumulate 
Man5GlcNAc2-PP-Dol and 'ceUs having a deletion in alg3 appear to transfer 

30 MansGlcNAcz structures onto nascent polypqitide chains within the HI. 

Accordingly, in this anbodiment, host cells will accumulate iV^glycans enriched in 
Man5GlcNAc2 structures which can then be converted to GlcNAc2Man3GlcNAc2 
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by treatment with glycosidases {e.g,, with a- 1,2 mannosidase, a- 1,3 maonosidase, 
or a- 1,2- 1,3 mannosidase activities) and glycosyltransferase activites {e.g,, GnTI, 
GnTII) (Figure 14; Figure 35B). 

[0180] As described in Example 10, degenerate primers were designed based on 

S an alignment of Alg3 protein sequences from S. cerevisiae, D. melanogaster and 
humans {K sapiens) (Figures 16 and 17), and were used to amplify a product from 
P. pastoris genomic DNA. The resulting PGR product was used as a probe to 
identify and isolate a P, pastoris genomic clone comprising an open reading frame 
(ORF) that encodes a protein having 35% overall sequence identity and 53% 

1 0 sequence similarity to the S, cerevisiae ALG3 gene (Figures 18 and 19). This P, 
pastoris gene is referred to herein as *'PpALG3^\ The ALG3 gene was similarly 
identified and isolated from K, lactis (Example 10; Figures 20 and 21). 
[0181] Thus, in another embodiment, the invention provides an isolated nucleic 
acid molecule having a nucleic acid sequence comprising or consisting of at least 

15 forty-five, preferably at least 50, more preferably at least 60 and most preferably 
75 or more nucleotide residues of the P. pastoris ALG3 gene (Figure 18) and the 
K lactis ALG3 gene (Figure 20), and homologs, variants and derivatives thereof 
The invention also provides nucleic acid molecules that hybridize under stringent 
conditions to the above-described nucleic acid molecules. Similarly, isolated 

20 polypeptides (including muteins, allelic variants, fragments, derivatives, and 

analogs) encoded by the nucleic acid molecules of the invention are provided {P, 
pastoris and K. lactis ALG3 gene products are shown in Figures 18 and 20). In 
addition, also provided are vectors, including expression vectors, which comprise a 
. nucleic acid molecule of the invention, as described further herein. 

25 [0182] Using gene-specific primers, a construct was made to delete the PpALG3 
gene from the genome of P. pastoris (Example 10). This strain was used to 
generate a host cell depleted in Dol-P-Man:Man5GlcNAc2-PP-Dol 
Maimosyltransferase activity and produce lipid-linked Man5GlcNAc2-PP-Dol 
precursors which are transferred onto nascent polypeptide chains to produce N- 

30 glycans having a MansGlcNAci carbohydrate structure. 

[01 83] As described in Example 1 1 , such a host cell may be engineered by 
expression of appropriate mannosidases to produce Mglycans having the desired 



54 



wo 2004/074461 



PCT/US2004/005191 



Man3GlcNAc2 core carbohydrate structure. Expression of GnTs in the host cell 

> by targeting a nucleic acid molecule or a library of nucleic acid molecules as 
described below) enables the modified host cell to produce A^-glycans having one 
or two GlcNAc structures attached to each arm of the Man3 core structure (i.e., 
5 GlcNAciManaGlcNAcz, GlcNAc2Man3GlcNAc2, or GlcNAc3Man3GlcNAc2; see 
Figure 15). These structures may be processed further using the methods of the 
invention to produce human-like iV-glycans on proteins which enter the secretion 
pathway of the host cell. 

[0184] In a preferred embodiment, the method of the invention involves making 

10 or using a host cell which is both (a) diminished or depleted in the activity of an 
alg gene or in one or more activities that mannosylate 7V-glycans on the of- 1,6 arm 
of the Man3GlcNAc2 ("Man3") core carbohydrate structure; and (b) diminished or 
depleted in the activity of an initiating a-l,6-mannosyltransferase, i.e., an initiation 
specific enzyme that initiates outer chain mannosylation (on the a- 1,3 arm of the 

15 Man3 core structure). In S, cerevisiae, this enzyme is encoded by the OCHl gene. 
Disruption of the ochl gene in 5. cerevisiae results in a phenotype in which A^- 
linked sugars completely lack the poly-raannose outer chain. Previous approaches 
for obtaining mammalian-type glycosylation in fungal strains have required 
inactivation of OCHl {see, Chibaef a/. (1998)/. Biol Chem, 273:26298-304). 

20 Disruption of the initiating a-l,6-mannosyltransferase activity in a host cell of the 
invention is optional, however (depending on the selected host cell), as the Ochlp 
enzyme requires an intact MansGlcNAc for efficient mannose outer chain 
initiation. Thus, the host cells selected or produced according to this invention, 
which accumulate lipid-linked oligosaccharides having seven or fewer mannose 

25 residues will, after transfer, produce hypoglycosylated iV-glycans that will likely be 
poor substrates for Ochlp (see, e.g., Nakayama et al (1997) FEES Lett, 
412(3):547-50). 

Engineering or Selecting Hosts Having A^-Acetylglucosaminyltransferase HI 
30 Activity 

[0185] The invention additionally provides a method for producing a human-like 
glycoprotein in a lower eukaryotic host cell by expressing an N- 
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acetylglucosaminyltransferase HI activity (including a full-length enzyme, 
homologs, variants, derivatives, and catalytically active fragments thereof). In one 
embodiment, a host cell {e.g,, P. pastoris) is engineered to produce more human- 
like iV-glycans, by activation of an iV-acetylglucosaminyltransferase III 
5 activity or by expression from a nucleic acid molecule of an JV- 

acetylglucosaminyltransferase m activity. Using well-known techniques in the art, 
gene-specific primers are designed to complement the homologous regions of a 
GnTin gene, preferably a mammalian GnTin gene {e.g., mouse GnTDI) (Figure 
24), sequences for which are readily available in the art {e.g., Genbank Accession 

10 No. L39373) and are PGR amplified, 

[0186] In one embodiment, the hivention provides a method for producing a 
human-like glycoprotein in a lower eukaryote {e.g, P. pastoris), wherein the 
glycoprotein comprises an i\r-glycan exhibiting a bisecting GlcNAc on a 
trimannose or trimannosyl (ManaGlcNAca) core structure. In this embodiment, 

15 GlcNAcManaGlcNAca (which may be produced by reacting a trimannose core 
with A^acetylglucosaminyltransferase I ("GnXr') activity, but which is typically 
produced by trimming of GlcNAcMansGlcNAca by an Of- 1,3/ a-l,6-mannosidase 
activity, such as Mannosidase 11 (Hamilton et ai (2003) Science 301:1244-46)) is 
reacted with an A^acetylglucosaminyltransferase in activity to produce a bisected 

20 GlcNAc2Man3GlcNAc2. Accordingly, the invention provides GnTUI activity, 
which transfers i8-l,4 GlcNAc onto substrates that are capable of accepting the 
bisecting GlcNAc in lower eukaryotes. 

[0187] In another embodiment, ttxe invention provides a method for producing a 
human-like glycoprotein in a lower eukaryote {e.g., P. pastoris\ wherein the 

25 glycoprotein comprises an iV^glycan exhibiting a bisecting GlcNAc on a 

trimannose or trimannosyl (MansGlcNAci) core structure having at least two 
GlcNAcs attached to the trimannose core. In this embodiment, Man3GlcNAc2 is 
reacted with a GnTI activity and then with an JV^acetylglucosaminyltransferase n 
("GnTH") activity and a GnTin activity (in either order) to produce a bisected 

30 GlcNAc3Man3GlcNAc2 (Figure 38). It should be appreciated that the bisected 
trimaimosyl core structure of this embodiment may also contain an additional 
mannosyl group in place of a GlcNAc residue. For example. 
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GlcNAcMaiuGlcNAca may be reacted with a GnTm activity to produce a bisected 
GlcNAc2Man4GlcNAc2. 

[01881 The invention also provides a method for producing a more human-like 
glycoprotein in a lower eukaryote {e,g. P. pastoris), wherein the glycoprotein 
5 produced comprises an A^-glycan having at least two GlcNAcs attached to a 
pentamannose core structure (Man5GIcNAc2) and which exhibits a bisected iV- 
glycan. Accordingly, in this embodiment, a pentamannose core structure 
(MansGlcNAca) is reacted with GnTIII activity to produce a bisected 
GlcNAcMan5GlcNAc2 and GlcNAc2Man5GlcNAc2 structure. 

1 0 (01 89] In an alternative embodiment, a pentamannose core structure produced 
via the mutation of ochl and alg3 genes is reacted with al,2-mannosidase, GnTI, 
GnTn and GnTm activities and UDP-GlcNAc to produce a bisected 
GlcNAc3Man3GlcNAc2 glycan (Figure 35B). In another embodiment, a 
pentamannose core structure is reacted with GnTI and GnTm activities (in either 

1 5 order or in combination) to produce a bisected GlcNAc2Man5GlcNAc2 structure 
(Figures?). 

[0190] In a more preferred embodiment, using the combinatorial DNA library 
method of the invention, as described below, a pVA53 construct comprising the S. 
cerevisiae MNN2(s) leader (GenBank Accession No. NP_009571) fused to a 

20 catalytically active Gnim domain from mouse (GnTIII A32) is expressed in a P. 
pastoris strain YSH-1 (Example 13) thereby producing T^-glycans having a 
bisected GlcNAc2Man5GlcNAc2 structure (Example 20). Figure 26 (bottom) 
displays the MALDI-TOF spectrum of iV^glycans released ftom a kringle 3 protein 
expressed in the above-mentioned strain, which is designated PBP26 (Figure 36), 

25 exhibiting a predominant peak at 1666 m/z [a], which corresponds to bisected 
GlcNAc2Man5GlcNAo2. (For comparison, Figure 26 (top) displays the MALDI- 
TOF spectrum of ^^glycans released from a kringle 3 protein expressed in strain 
YSH-1 lacking the pVA53 construct. The predominant peak at 1461 m/z [d] 
corresponds to the unmodified glycan: GlcNAcMan5GlcNAc2.) Accordingly, in 

30 one embodiment, a host of the presrait invention is characterized by its ability to 
produce, at least transiently, Mglycans which exhibit at least 50 mole % of a 
GlcNAc2Man5GlcNAc2 or at least 50 mole % of a GlcNAcaMansGlcNAci 
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structure having a bisecting GlcNAc. The mole percent of the glycans is in 
reference to percent of total neutral glycans as detected by MALDI-TOF. It is 
understood that if, for example, GIcNAc2Man3GlcNAc2 having a bisecting GlcNAc 
is produced at 20% and GlcNAcaMansGlcNAca is produced at 25% on a target 

5 protein, the total amoimt of transiently produced GlcNAcaManaGlcNAca having a 
bisecting GlcNAc is 45%, because GlcNAc3Man3GlcNAc2 is a product of a . 
GlcNAc2Man3GlcNAc2 having a bisecting GlcNAc further reacted with GnTII. 
[0191] Similarly, in another embodiment, a pVASS construct comprising the S. 
cerevisiae MNN2(l) leader (GenBank Accession No. NP_009571) fused to a 

10 catalytically active GnTIII domain from mouse (GriTIII A32) is expressed in a P. 
pastoris strain (YSH-1) thereby producing A/^glycans GlcNAcMan5GlcNAc2 and 
bisected A/^glycans GlcNAc2Man5GlcNAc2 structure. As shown in Figure 27 
(bottom), these structures correspond to peaks at 1463 m/z and 1667 m/z, 
respectively. (For comparison, Figure 27 (top) displays the MALDI-TOF 

15 spectrum of -A^glycans released from a kringle 3 protein expressed in strain YSH-1 
lacking the pVA53 construct. The predominant peak corresponds to unmodified 
GlcNAcMan5GlcNAc2 at 1461 m/z [d].) Accordingly, in another embodiment, a 
host of the present invention is characterized by its ability to produce, at least 
transiently, //-glycans which exhibit at least 20 mole % of a 

20 GlcNAc2Man5GlcNAc2 or at least 20 mole % of a GlcNAc2Man3GlcNAc2 
structure having a bisecting GlcNAc. 

[0192] In an even more preferred embodiment, a pVA53 construct comprising 
the S. cerevisiae MNN2(s) leader (GenBank Accession No. NP_009571) ftised to a 
catalytically active GnTIII domain from mouse (GnTIII A32) is expressed in a P. 

25 pastoris strain YSH-44 (Example 15) thereby producing iV-glycans having a 
bisected GlcNAc3Man3GlcNAc2 structure (Example 20). Figure 30 displays the 
MALDI-TOF spectrum of iV-glycans released from a kringle 3 protein expressed in 
the above-mentioned strain designated as YSH-57, exhibiting a predominant peak 
at 1542 m/z [y], which corresponds to the bisected glycan GlcNAc3Man3GlcNAc2. 

30 (For comparison, Figure 29 displays the MALDI-TOF spectrum of iV^glycans 
released from a kringle 3 protein expressed in strain YSH-44 lacking the pVA53 
construct. The predominant peak at 1356 m/z [x] in Figure 29 corresponds to the 
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immodified glycan: GlcNAc2Man3GlcNAc2.) Accordingly, in one embodiment, a 
host of the present invention is characterized by its ability to produce, at least 
transiently, N-glycaos which exhibit at least 80 mole % of a 
GlcNAcsManaGlcNAca structure having a bisecting GlcNAc. The mole percent of 
5 the glycans is in reference to percent of total neutral glycans as detected by 
MALDI-TOF. 

[0193] Alternatively, in another embodiment, a pVAS3 construct comprising the 
S. cerevisiae MNN2{s) leader (GenBank Accession No. NP_009571) fused to a 
catalytically active GnTIII domain from mouse (GnTIII A32) is expressed in a P. 

1 0 pastoris strain (PBP6-5) (Example 11) thereby producing iV-glycans having a 
GlcNAc2Man3GlcNAc2 and a bisected GlcNAc3Man3GlcNAc2 structure. As 
shown in Figure 32, these structures correspond to peaks at 1340 m/z and 1543 
m/z, respectively. Accordingly, in another embodiment, a host of the present 
invention is characterized by its ability to produce, at least transiently, 7V-glycans 

15 which exhibit at least 20 mole % of a GlcNAcsMansGlcNAca structure having a 
bisecting GlcNAc in an alg3 mutant host cell. 

[0194] The invention provides methods for producing a human-like glycoprotein 
in a lower eukaryote, wherein the glycoprotein comprises a Man5GlcNAc2 core 
structure or a Man3GlcNAc2 core structure, and wherein the core structure is 

20 further modified by two or more GlcNAcs. In some embodiments of the invention, 
10% or more of the core structures are modified by the two or more GlcNAcs. In 
other preferred embodunents, 20%, 30%, 40%, 50%, 60%, 70%, 80% or even 
more of the core structures are so modified. In a highly preferred embodiment, one 
of the GlcNAcs is a bisecting GlcNAc. 

25 [0195] In another aspect of the invention, a combinatorial nucleic acid library 
which CTcodes at least one GnTm catalytic domain js used to express a GnTm 
activity in a lower eukaryotic host cell (Example 18). Preferably, a library of the 
invention comprises a sublibrary of leader sequences fused in frame to a single 
nucleic acid molecule or a subUbrary of nucleic acid molecules comprising GnTIII 

30 sequences, one or more of which encode a catalytic domain having GnTBI activity 
in the host cell. Alternatively, a single nucleic acid molecule or a sublibrary of 
nucleic acid molecules comprising leader sequences is fused in frame to a 
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sublibrary of nucleic acid molecules comprising GnTIII sequences, one or more of 
which encode a catalytic domain having GnTIII activity in the host cell. (See 
below.) Expression of these and other such combinatorial libraries is performed in 
a host cell which expresses a target glycoprotein whose AT-glycan structures are 
S analyzed to determine whether and how much GnTm is expressed. A wide range 
of catalytically active GnTDI enzymes may be produced in a host cell using the 
methods and libraries of the invention. It is this aspect of the invention that allows 
a skilled artisan to create and delinate between GnTIII enzymes having little or no 
activity and those enzymes that are actively expressed and which produce 
1 0 predominant levels of a desired bisected oligosaccharide intermediate such as 

GlcNAc2Man5GlcNAc2, GlcNAcaMansGlcNAca or GlcNAc2Man3GlcNAc2 in the 
host cells. 

[0196] As described further below, the proper targeting of an enzyme responsible 
for a given step in the glycosylation pathway to the appropriate subcellular location 

15 and the sufficiency of the enzyme's activity at the particular pH of that subcellular 
location are important factors in the production of glycoproteins having A^-glycans 
with the desired structures. The use of combinatorial libraries of fusion proteins to 
generate diverse populations of enzyme chimeras and the screening of these 
libraries in transformed cells provides a powerful method to identify host strains 

20 with the activity of interest in the appropriate location. Li preferred embodiments 
of the invention, the enzyme activity is located such that an iV-glycan-containing 
glycoprotein expressed in the cell is C2q)able of reacting with the activity during the 
secretion process. ^ 

[0197] Not all combinations of leader/catalytic domains produce desired enzyme 
25 activities however. A wide variety of leader/catalytic domain combinations is 
created, only a few of which may be useful in producing the presently desired 
intermediates. The present invention, nevertheless, encompasses even those 
combinations that do not presently exhibit a desired enzymatic activity in the 
exemplified host cell. Figure 28 (bottom) shows a pVBSl construct comprising 
30 the K, lactis GNT(s) leader (GenBank Accession No. AF106080) fiised to a 
catalytically active GnTIII domain fi-om mouse (GnTIII A32) expressed in a P. 
pastoris strain YSH-1, which does not readily exhibit GnTDI activity. (For 
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comparison. Figure 28 (top) displays the MALDI-TOF spectrum of iV-glycans 
released from a kringle 3 protein expressed in strain YSH-1 lacking the pVA53 
construct. The predominant peak corresponds to xinmodified 
GlcNAcMansGlcNAca at 1461 m/z.) The predominant peak in Figure 28 (bottom) 
5 at 1463 m/z, which correlates to the mass of GlcNAcMansGlcNAca, is observed. 
A second peak at 1726 m/z, which does not correlate to the mass of 
GlcNAc2Man5GlcNAc2 is also observed. It is contemplated that these and other 
such combinations may be useful, with or without sHght modifications using 
techniques well known in the art, when they are expressed, e.g., in other host cells 

10 including those which have been modified to produce human-like glycoforms. 
[0198] The use of combinatorial libraries to generate diverse populations of 
enzyme chimeras and the screening of these libraries in transformed cells further 
allows strains to be identified in which the enzyme activity is substantially 
intracellular. Example 6, below, provides an example of assay conditions useful 

15 for measuring extracellular a-l,2-mannosidase activity. Examples 22 and 23 also 
provide examples of assays for glycosyltransferase activity (GnTIII) in the 
medium. See also Table 9, below, and Choi et ah (2003) Proc. Natl Acad, Set 
U.S.A. 100(9):5022-27. For purposes of the invention, an enzyme activity is 
substantially intracellular when less than 10% of the enzyme activity is measurable 

20 in the extracellular medium. 

[0199] As described in Examples 11, 12, 13, 14, 15, and 19-21, a host cell may 
be engineered by the expression of appropriate glycosyltransferases (e.g., N- 
acetylglucosaminyltransferase) to produce iV-glycans having the desired 
carbohydrate structures (e.g., GlcNAc2Man3GlcNAc2, GlcNAc3Man3GlcNAc2). 

25 Expression of GnTs in the host cell (e.g., by targeting a nucleic acid molecule or a 
library of nucleic acid molecules as described below and in Choi et al (2003) 
Proc. Natl Acad. Set U.SA, 100(9):5022-27 and WO 02/00879) enables the 
modified host cell to produce iV^glycans having the bisecting GlcNAc on the 
middle maimose. These structures may be processed further using the methods of 

30 the invention to produce human-like iV-glycans on proteins which enter the 
secretion pathway of the host cell. 



wo 2004/074461 



PCT/US2004/005191 



[0200] In a more preferred embodiment, co-expression of appropriate UDP- 
sugar-transporter(s) and -transferase(s) will cap the terminal a-1,6 and a-1,3 
residues as well as the middle mannose with GlcNAc, resulting in the precursor for 
mammalian-type complex {e.g. GlcNAcaManaGlcNAca) and hybrid N- 
S glycosylation. These peptide-bound iV^linked oligosaccharide chains then serve as 
a precursor for further modification to a mammalian-type oligosaccharide 
. structure. Subsequent expression of galactosyl-tranferases and genetically 

engineering the capacity to transfer sialylic acid to the tennini (see Figure IB) will 
produce a mammalian-type {e,g,, human-like) iV^glycan structure. 

10 

Engineering or Selecting Hosts Having A^-Acetylglucosaminyltransferase IV, 
V, VI or IX Activity 

[0201 ] The present invention provides novel lower eukaryotic hosts having N- 
acetylglucosaminyltransferase activity that catalyze the formation of a GlcNAc/31,4 

15 or a GlcNAci81,6 glycosidic linkage on the Manal,6 arm and/or Manal,3 arm of 
an oligosaccharide substrate (e.g., GlcNAc2Man3GlcNAc2) in the presence of a 
sugar nucleotide UDP-GlcNAc. Transfer of the GlcNAc residues is generally 
preferred in the presence of a UDP-GlcNAc transporter. The present invention 
provides recombinant nucleic acid molecules encoding proteins having 7V- 

20 acetylglucosaminyltransferase activity and methods for expressing active enzyme 
in the yeast secretory pathway. In addition, the present invention provides 
oligosaccharide structures produced from the transformed hosts that are useful for 
therapeutic administration. By catalyzing the transfer of tfie sugar GlcNAc from 
UDP-GlcNAc onto the oligosaccharide substrates by an JV-acetylglucosaminyl- 

25 transferase activity, multiantennary glycoforms are formed on a protein, which are 
then extended by galactosyltransferase and sialyltransferases. 
[0202] The invention additionally provides a method for producing a human-like 
glycoprotein in a lower eukaryotic host cell by expressing JV- 
acetylglucosaminyltransferase IV, V, VI or DC activities (including a full-length 

30 OTzyme, homologs, variants, derivatives, and catalytically active fragments 
thereof). In one embodiment, a host cell (e.g., P. pastoris) is engineered to 
produce more human-like iV-glycans, e.g., by activation of an N- 
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acetylglucosaminyltransferase IV, V, VI, DC activities or by expression from a 
nucleic acid molecule encoding AT-acetylglucosaminyltransferase IV, V, VT, DC 
activities (Figure 39). Using well-known techniques in the art, gene-specific 
primers are designed to hybridize to homologous regions of members of 
5 glycosyltransferase family, such as GnTIV, V, VI, IX gene sequences, which are 
readily available in the art {e,g., Genbank, SwissProt databases) and are PGR 
amplified. 

Expression of iy-Acetvlglucosaminyltransferase IV 

[0203] In a first aspect of the invention, a lower eukaryotic host cell is 

1 0 transfonned with a nucleotide sequence encoding for the enzyme N- 

Acetylglucosaminyltransferase IV ("GnTIV") that catalyzes the addition of a sugar 
residue i8(l,4) iV-acetylglucosamine ("GlcNAc") on the Manal,3 arm of the 
GlcNAc P 1,2 - Manal,6 (GlcNAc p 1,2 Manal,3) Man pi A - GlcNAc j3 1,4 - 
GlcNAcjS 1,4 - Asn of an oligosaccharide substrate. The addition of a GlcNAci81,4 

1 5 by GnTIV onto the Manal,3 arm of the acceptor substrate (e»g. 
GlcNAc2Man3GlcNAc2) yields a so-called triantennary //-glycan. 
[0204] In one embodiment, the invention provides a method for producing a 
human-like glycoprotein in a lower eukaryote {e,g,, P, pastoris), wherein the 
glycoprotein comprises a trianteimary //-glycan structure on an oligosaccharide 

20 structure (e.g., GlcNAc3Man3GlcNAc2). In this embodiment, the oligosaccharide 
substrate GlcNAcMansGlcNAca (Choi et al, (2003) Proc Natl Acad Sci USA 
2003 Apr 29;100(9):5022-7) is trimmed by an a-1,3/ a-l,6-mannosidase activity, 
such as Mannosidase n (Hamilton et al (2003) Science 301:1244 producing the 
substrate GlcNAc2Man3GlcNAc2, which in turn is reacted with an A^- 

25 acetylglucosaminyltransferase IV activity to produce a triantennary structure: 

GlcNAc3Man3GlcNAc2 (Figure 39). Two GnTIV isozymes A and B are set forth 
in Figures 41 and 42. In a preferred embodiment, a gene firagment encoding 
human GnTIV (Figure 42) ligated in-fi:mne to nucleotides 1-108 of the 
Scerevisiae MNN2{s) targeting peptide sequence is introduced and expressed in. 

30 P.pastoris YSH-44 (Example 15). Thus, in certain embodiments, a host cell of the 
present invention is characterized by its ability to produce, at least transiently, N- 
glycans which exhibit preferably at least 50, 60, 70, 80, 90 mole % or more of the 
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desired iV-glycan structure GlcNAc3Man3GlcNAc2. In an even more preferred 
embodiment, the oligosaccharide substrate GlcNAcaManaGlcNAci is a substrate 
for a galactosyltransfer reaction. Accordingly, the invention provides a GnTIV 
activity, which catalyzes the transfer of GlcNAc residues onto oligosaccharide 
5 substrates forming a GlcNAc/3-1,4 glycosidic linkage on the Manal,3 arm of an 
oligosaccharide substrate (e.g., GlcNAc2Man3GlcNAc2) in lower eukaryotes. 
[0205] In a more preferred embodimrat, using a combinatorial DNA library and 
methods of the invention, pPB144 construct (Figure 40A) comprising the S. 
cerevisiae MNN2(s) leader (GenBank Accession No. NP_009571) fused to a 

10 catalytically active GnTIV domain from human (GnTTVB Al 04) is expressed in a 
P. pastoris strain YSH-44 (Example 15) thereby producing triantennary TNT-glycan 
GlcNAc3Man3GlcNAc2 structures (Example 25). Figure 47 displays the MALDI- 
TOF spectrum of A^-glycans released from a kringle 3 protein expressed in 
transformed strain designated as PBP43, exhibiting a predominant peak at 1543 

15 m/z [y], which corresponds to triantennary A^-glycan structure 

GlcNAc3Man3GlcNAc2. {See Figure 29 for comparison, which displays the 
MALDI-TOF spectrum of A^-glycans released from a kringle 3 protein expressed in 
YSH-44 cells producing GlcNAcoManaGlcNAc:.) Accordingly, in certain 
embodiments, a host cell of the present invention is characterized by its abihty to 

20 produce, at least transiently, //-glycans which exhibit preferably at least 50 mole % 
of a GlcNAc3Man3GlcNAc2 triantennary structure. In another embodiment, the 
host cell of the present invention produces the triantennary structiire 
GlcNAc3Man3GlcNAc2 catalyzed by GnTIV in an amount that is at least 60, 70, 
80, more preferably 90 mole % or greater. Here and througihout, the mole percent 

25 of the glycans is in reference to percent of total neutral glycans as detected by 
MALDI-TOFMS. 

Expression of jV^-Acetvlgluc nsainiTi YltTansferase IV and V 
[02061 In another aspect of the invention, a lower eukaryotic host cell that is 
30 engineered or selected to produce triantennary oligosaccharide substrate (e.g., 
GlcNAcsManaGlcNAca), transformed with a nucleic acid racoding for iV- 
acetylglucosaminyltransferase V ("GnTV") activity which catalyzes the addition of 
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a sugar residue i3(l,6) A^-acetylglucosamine ("GlcNAc") on the Manal,6 arm of 
the GlcNAc jS 1,2 - Manal,6 (GlcNAc jS 1,4 (GlcNAc jS 1,2) Manal,3) Man /31,4 - 
GlcNAc jS 1,4 - GlcNAc/3 1,4 - Asn of an oligosaccharide substrate. The addition of 
a GlcNAc/31,6 by GnTV onto the accq)tor substrate (e.g. GlcNAc3Man3GlcNAc2) 
5 in the presence of GlcNAc residues yields a tetraantennary iV-glycan: 

GlcNAc4Man3GlcNAc2. Preferably, the GnTV activity of the present invention is 
expressed in a lower eukaryotic host cell producing triantennary glycans, for 
example in P,pastoris VBP43 in which the GnTV activity catalyzes the transfer of 
a GlcNAc residue onto the Manal,6 arm of the oUgosaccharide substrate 

10 GlcNAcaMansGlcNAca forming a GlcNAcjS 1,6 glycosidic linkage. 

[0207] In one embodiment, using the combinatorial DNA library mettiod of the 
invention, P.pastoris YSH-44 is transformed with the GnTWB/Sxerevisiae 
MNN2(s) and GnTV/ Sxerevisiae MNN2{s) fusion constructs. Figure 49 displays 
the MALDI-TOF spectrum of iV-glycans released from a kringle 3 protein 

15 expressed in transformed strain designated as PBP46, exhibiting a predominant 
peak at 1747 m/z [z], which corresponds to tetraantennary iV-glycan structure 
GlcNAc4Man3GlcNAc2 and a residual peak at 1543 m/z [y], which corresponds to 
triantennary N-glycan structure GlcNAc3Man3GlcNAc2. 

[0208] In another embodiment, using the combinatorial DNA library method of the 
20 invention, P.pastoris YSH-44 is transformed with a different combination of 

enzyme and leader fusion: plasmid pPB128 containing GnTlWA{Ai2)/S.cerevisiae 
MNN2{s) and plasmid pPB140 containing GnTV(A145)/ Sxereynsiae MNN2{s) 
fusion constructs. Figure 50 displays the MALDI-TOF spectrum of iV-glycans 
released from a kringle 3 protein expressed in transformed strain designated as 
25 FBP94, exhibiting a predondnant peak at 1743 m/z [z], which corresponds to 
tetraantennary iS^-glycan structure GlcNAc4Man3GlcNAc2. 
[0209] Accordingly, in certain embodiments, the present invention provides a 
host cell characterized by its ability to produce, at least transiently, iV^glycans 
which exhibit at least 50, 60, 70, 80, 90 mole % or more of the desired iV-glycan 
30 structure GlcNAc4Man3GlcNAc2. In a more preferred embodiment, by expressing 
the GnTIV and GnTV activities, the host cell produces the desired multiple 
antennary A^-glycan structure. 
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[0210] Not all combinations of leader/catalytic domains produce desired enzyme 
activities in the production of multiantennary glycan structures. A wide variety of 
leader/catalytic domain combinations is created using the methods and libraries of 
the invention, only a few of which may be useful in producing the presently 
5 desired intermediates. The present invention, nevertheless, encompasses even 
those combinations that do not presently exhibit a desired enzymatic activity in an 
exemplified host cell It is contemplated that these and other such combinations 
may be useful, with or without slight modifications using techniques well known in 
the art, when they are expressed, e,g., in other host cells including those which 
1 0 have been modified to produce himian-like glycoforms. 

Expression of jV-Acetvlglucosaniinvltransferase V 

[021 1] In another embodiment of the invention, a nucleic acid encoding GnTV 
activity is expressed in host cells producing the core GlcNAc2Man3GlcNAc2 

1 5 structures resulting in the formation of triantennary structures 

GlcNAc3Man3GlcNAc2. Known GnTV sequence is provided in Figure 43. In one 
embodiment, using the combinatorial DNA library method of the invention, 
pPB140 construct (Figure 40B) comprising the S. cereynsiae MNN2(s) leader 
(GenBank Accession No. NP_009571) fused to a catalytically active GnTV 

20 domain from mouse (GnTV A 145) is expressed in a P. pastoris strain YSH-44 
(Example 15) thereby producing triantennary iV^glycan GlcNAcsMansGlcNAca 
structures (Example 25). Figure 48 displays the MALDI-TOF spectrum of A^- 
glycans released from a kringle 3 protein expressed in transformed strain 
designated as PBP32, exhibiting a predominant peak at 15S9 m/z [y], which 

25 corresponds to tetraantennary iV^glycan structure, and a second peak at 1 355 m/z 
[u] which corresponds to triantennary N-glycan structure GlcNAc3Man3GlcNAc2. 
{See Figure 29 for comparison, which displays the MALDI-TOF spectrum of JV- 
glycans released from a kringle 3 protein expressed in YSH-44 cells producing 
GlcNAc2Man3GlcNAc2.) Accordingly, in certain embodiments, a host of the 

30 present invention is characterized by its abihty to produce, at least transiently, N- 
glycans which exhibit at least 40 mole % of the triantennary structure: 
GlcNAc3Man3GlcNAc2. Preferably, the host of the present invention produces at 
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least 50, 60, 70, 80, 90 mole % or greater triantennary structure catalyzed by 
GnTV. 

Expression of iV-Acetvlglucosaminvltraiisferase VI 
5 [0212] The invention also provides a lower eukaryotic host cell transformed with 
a nucleic acid encoding iV-acetylglucosaminyltransferase VI ("GnTVr') activity, 
which catalyzes the transfer of a sugar residue i8(l,4) iV-acetylglucosamine on the 
Manal,6 arm of the GlcNAc PIA (GlcNAc P 1,2) Manal,6 (GlcNAc P 1,4 (GlcNAc 
j8 1,2) Manal,3) Man i31,4 - GlcNAc P 1,4 - GlcNAcjS 1,4 - Asn of an 

10 oligosaccharide substrate. The addition of a GlcNAcj81,4 by GnTVI to an acceptor 
substrate (e.g. GlcNAc4Man3GlcNAc2) yields a so-called pentaanteimary i\r-glycan. 
The addition of the GlcNAc residue forms a GlcNAc/31,4 glycosidic linkage on the 
oligosaccharide substrate. In one embodiment, a nucleic acid encoding GnTVI 
activity is expressed in a host cell producing pentaantennary A^-glycans such as 

15 GlcNAc5Man3GlcNAc2. In another embodiment, using a DNA fragment encoding 
the GnTVI activity such as one set forth in Figure 44, a plasmid construct 
comprising the S, cerevisiae MNN2{s) leader (GenBank Accession No. 
NP_009571) fused to a catalytically active GnTVI domain from Gallus galhis is 
expressed in a P, pastoris strain YSH-44 thereby producing pentaantennary N- 

20 glycan GlcNAcsManaGlcNAca structures. Accordingly, a host cell of the invration 
is characterized by its ability to produce, at least transiently, iV-glycans which 
produce pentaantennary iV'-glycans in a detectable moiety. 

Expression of jV-Acetvl|glucosaminvltransferase IX 

25 [0213] In another embodunet, a nucleic acid encoding GnTDC activity (e.g., 

Genbank AN NP_945 193) is expressed in a host cell in which the GnTDC activity 
catalyzes the transfer of GlcNAc residues onto complex glycan acceptor substrates 
(e.g., GlcNAc2Man3GlcNAc2) in the absence of GnTIV, GnTV or GnTVI. The 
nucleic acid encoding GnTDC activity, which normally appears to be expressed 

30 exclusively in the brain, has been shown to catalyze the synthesis of a unique N- 
linked oligosaccharide in CHO mutant cells (Raju et al., (1998) J Biol Chem 273, 
14090-14098), Expression of a recombinant human GnTDC showed GnTV 
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activity, catalyzing the transfer of GlcNAc to the 6-OH position of al,6 linked 
mannose arm of the oligosaccharide GlcNAc2Man3GlcNAc2-PA via jSl,6 linkage 
in addition to acting on the al,3-linked mannose arm {J Biol Chem, 2003 Oct 
31;278(44):43102-9). The GnTDC is able to catalyze the transfer of GlcNAc to the 

5 6-OH position of mannose in the sequence GlcNAcjSl ,2-Manal . 

[0214] Accordingly, the present invention provides a method of producing 
tetraantennary glycan structures in P.pastoris using a nucleic acid encoding GnTDC 
activity (Figure 45). Preferably, the introduction and expression of GnTDC 
activity catalyzes the transfer of GlcNAc residues onto the acceptor substrate 

10 GlcNAc2Man3GlcNAc2 producing GlcNAc4Man3GlcNAc2 and 

GlcNAc3Man3GlcNAc2. The host cell expression of (SnTDC activity catalyzes the 
transfer of GlcNAc residues to ttie 6-OH position preferably on both ManoEl,3 and 
Manal,6 arms of the core GlcNAc2Man3GlcNAc2 ohgosaccharide substrate 
producing the tetraantennary structure GlcNAc4Man3GlcNAc2. In one 

15 embodiment, a host cell producing the acceptor substrate GlcNAc2Man3GlcNAc2, 
such as P.pastoris YSH-44, is transformed with a plasmid (such as pPB176) 
comprising a gene encoding the GnTIX activity (A43) fused in frame to the 
S.cerevisiae A4NN2(s) leader (Example 29). The host cell is characterized by its 
ability to produce, at least transiently, iV^glycans which exhibit at least 5 mole % or 

20 preferably greater GnTDC activity catalyzing the transfer of GlcNAc to the 6-OH 
position of al,6 linked mannose arm of the oligosaccharide 
GlcNAc2Man3GlcNAc2 via j31,6 linkage in addition to acting on the al,3-linked 
mannose arm of the oligosaccharide substrate. 

[0215] Additionally, the nucleic acid encoding ChiTDC activity may be codon 
25 optimized for translational efficiency in yeast using well known procedures. 
Figures 46 provides the codon optimized DNA fragment encoding part of the 
human CinTDC lacking the TM domain (A43) synthesized from oligonucleotides 
using PGR. 

30 Variations of Multiple Antennarv Glvcans 

[0216] The present invention is adapted to produce a variety of multiple 
antennary glycans wliich are suitable for therapeutic purposes. It is contemplated 
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that glycans having the same GlcNAcjS-linkages may increase half-life of the 
proteins. Accordingly, the invention provides a lower eukaryotic host cell 
comprising //-glycans having at least two GlcNAc residues on either the Manal,3 
or Manal,6 arm of the trimamiose core oligosaccharide intermediate (e.g., 
5 Man3GlcNAc2). In one embodiment, the lower eukaryotic host cell comprises at 
least two GlcNAci81,4 residues on the Manaly3 and Manal,6 arm of the 
trimannose core oligosaccharide intermediate (e.g., MansGlcNAca), In another 
embodiment, the lower eukaryotic host cell comprises at least two GlcNAcj81,6 
residues on the Manofl,3 and Manal,6 ann of the trimannose core oligosaccharide 
10 intermediate (e.g., Man3GlcNAc2). In yet another embodiment, the lower 

eukaryotic host cell comprises at least two GlcNAci31,2 residues on the Manal,3 
and Manal,6 arm of the trimannose core oligosaccharide intermediate (e.g., 
Man3GlcNAc2). 

[021 7] As noted below, while lower eukaryotic host cells are preferred hosts for 
1 5 producing therapeutic proteins using the methods of the invention, the present 
invention is also useful for modifying N-glycan profiles of glycoproteins made in 
any eukaryotic host cell, preferably in a non-human (e.g., mammalian) host cell. 

Host Cells of the Invention 

20 [021 8] A preferred host cell of the invention is a lower eukaryotic cell, e,g, , 
yeast, a imicellular and multicellular or filamentous fungus. However, a wide 
variety of host cells are envisioned as being useful in the methods of the invention. 
Plant cells or insect cells, for instance, may be engineered to express a human-like 
glycoprotein according to the invention. Likewise, a variety of non-human, 

25 mammalian host cells may be altered to express more human-like or otherwise 
altered glycoproteins using the methods of the invention. As one of skill in the art 
will appreciate, any eukaryotic host cell (including a human cell) may be used in 
conjunction with a library of the invention to express one or more chimeric 
proteins which is targeted to a subcellular location, e.g., organelle, in the host cell 

30 where the activity of the protein is modified, and preferably is enhanced. Such a 
protein is preferably - but need not necessarily be - an enzyme involved in 
protein glycosylation, as exemplified herein. It is envisioned that any protein 
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coding sequence may be targeted and selected for modified activity in a eukaryotic 
host cell using the methods described herein. 

[0219] Lower eukaryotes that are able to produce glycoprotems having the 
attached TV^glycan MansGlcNAca are particularly useful because (a) lacking a high 

5 degree of mannosylation {e.g. , greater than 8 mannoses per iV-glycan, or especially 
30-40 mannoses), they show reduced immunogenicity in humans; and (b) the 
JV-glycan is a substrate for further glycosylation reactions to form an even more 
human-like glycoform, e.g., by the action of GlcNAc transferase I (Figure IB; 
pi ,2 GnU) to form GlcNAcMan5GlcNAc2. A yield is obtained of greater than 30 

10 mole %, more preferably a yield of 50, 60, 70, 80, 90, or even 100 mole %, 
glycoprotems with iV-glycans having a Man5GlcNAc2 structure. In a preferred 
embodiment, more than 50% of the MansGlcNAc2 structure is shown to be a 
substrate for a GnTI activity and can serve as such a substrate in vivo. 
[0220] Preferred lower eukaryotes of the invention include but are not Uraited to: 

15 Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia 
membranaefacienSy Pichia minutia (e.g., Ogataea minuta, Pichia lindneri), Pichia 
opuntiae, Pichia thermotoleratis, Pichia salictaria, Pichia guercuum, Pichia 
pijperi, Pichia stiptis, Pichia methanolica, Pichia sp., Saccharomyces cerevisiae, 
Saccharomyces sp., Hansenula polymorpha, Kluyveromyces sp,, Candida albicans , 

20 Aspergillus nidulanSy Aspergillus niger, Aspergillus oryzae, Trichoderma reesei, 
Chrysosporium lucknowense, Fusarium sp., Fusarium gramineum, Fusarium 
venenatum, andNeurospora crassa. 

[0221] In each above embodiment, the method is directed to making a host cell 
in which the oligosaccharide precursors are enriched in Man5GlcNAc2. These 

25 structures are desirable because they may then be processed by treatment in vitro, 
for example, using the method of Maras and Contreras, U.S. Patent No* 5,834,251 . 
In a preferred embodiment, however, preciursors enriched in Man5GlcNAc2 are 
processed by at least one further glycosylation reaction in vivo — with glycosidases 
(e.g, a-mannosidases) and glycosyltransferases (e.g., GnTI) — to produce human- 

30 like A^-glycans. Oligosaccharide precursors enriched in MansGlcNAca, for 

example, are preferably processed to those having GlcNAcManxGlcNAca core 
structures, wherein X is 3, 4 or 5, and is preferably 3. JV^glycans having a 
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GlcNAcManxGlcNAc2 core structure where X is greater than 3 may be converted 
to GlcNAcMan3GlcNAc2, e.g., by treatment with an qs1,3 and/or qs1,6 
mannosidase activity, where applicable. Additional processing of 
GlcNAcManaGlcNAca by treatment with glycosyltransferases (e.g., GnTD) 
5 produces GlcNAc2Man3GlcNAc2 core structures which may then be modified, as 
desired, e.g., by ex vivo treatment or by heterologous expression in the host cell of 
additional glycosylation enzymes, including glycosyltransferases, sugar 
transporters and mannosidases (see below), to become human-like A^glycans. 
[0222] Prefened human-like glycoproteins which may be produced according to 
10 the invention include those which comprise iV-glycans havmg seven or fewer, or 
three or fewer, mannose residues; and which comprise one or more sugars selected 
from the group consisting of galactose, GlcNAc, sialic acid, and fucose, 
[0223] Another preferred non-human host cell of the invention is a lower 
eukaryotic cell, e.g., a unicellular or filamentous fungus, which is diminished or 
1 5 depleted in the activity of one or more alg gene activities (including an enzymatic 
activity which is a homolog or equivalent to an alg activity). Another preferred 
host cell of the invention is diminished or depleted in the activity of one or more 
enzymes (other than alg activities) that mannosylate the a-1,6 arm of a lipid-linked 
oligosaccharide structure. 
20 [0224] While lower eukaryotic host cells are preferred, a wide variety of host 
cells having the aforementioned properties are envisioned as being usefiil in the 
methods of the invention. Plant cells, for instance, may be engineered to express a 
human-hke glycoprotein according to the mvention. Likewise, a variety of non- 
human, mammalian host cells may be altered to express more human-Uke 
25 glycoproteins using the mettiods of the invention. An appropriate host cell can be 
engineered, or one of the many such mutants ahready described in yeasts may be 
used. A preferred host cell of the invention, as exemplified herein, is a 
hypermannosylation-minus (OCHl) mutant in Pichia pastoris which has fiirther 
been modified to delete the alg3 gene. 
30 [0225] The mvention additionally provides lower eukaryotic host cells capable of 
producing glycoproteins having bisected A^-glycans, such as bisected 
GlcNAcMansGlcNAca, GlcNAciMansGlcNAca, GlcNAc2Man3GlcNAc2, and. 
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preferably, GlcNAc3Man3GlcNAc2. In a preferred embodiment of the invention, 
the host cells comprise a GnTin activity. In a more preferred embodiment, the 
host cells fiirther comprise one or more activities selected from: GnTI, GnTII, 
GnTIV, and GnTV. Preferred host cells express GnTI, GnTII, and GnTm. Other 
5 preferred host cells additionally express GnTIV and/or GnTV. Even more 
preferably, the one or more GnT activities of the host cells are substantially 
intracellular. 

[0226] Thus, in preferred embodiments of the invention, host cells comprising 
the one or more GnT activities produce ^-glycans comprising structures, including 

10 but not limited to GlcNAcManaGlcNAcz, GlcNAcMan4GlcNAc2, or 

GlcNAcMan5GlcNAc2, that are capable of reacting with a GnTIII enzyme activity 
to produce corresponding bisected iV-glycans. The enzyme activities thereby 
convert glycoproteins containing these iNT-glycans into forms with new and more 
desirable properties. Because GnTIII is currently understood to inhibit additional 

1 5 GnT activity in mammalian cells, the skilled artisan should appreciate that 

sequential glycosylation reaction may or may not be of importance. The present 
invention contemplates, however, the addition of GnTI and GnTIH in either order 
or together. It should also be understood that other enzyme activities within the 
cell, such as, e.g., one or more desired mannosidase activities (e.g., a 1,2 

20 mannosidase, Mannosidase I, Mannosidase H), may act in concert with the GnT 
activities to generate yet other human-like glycoproteins of interest (see Figure 
IB). 

[0227] In a preferred embodiment, a mannosidase II or a catalytically active 
fragment thereof is introduced into the host cell to trim the al,3 and al,6 mannose 
25 containing arms of a bisected pentamannose core structure such as 
GlcNAc2Man5GlcNAc2. The resulting glycans (e.g., bisected 
GlcNAc2Man4GlcNAc2 and GlcNAc2Man3GlcNAc2) are preferred substrates for 
subsequent human-like AT-glycan modification. 

[0228] In another embodiment of the invention, the host cells comprise a 
30 MansGlcNAca core structure or a Man3GlcNAc2 core structure modified by two or 
more GlcNAcs. It should be understood that either core structure may include 
further modifications in addition to the modification by GlcNAc. Preferably, 10% 
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or more of the core structures are modified by GlcNAcs. Most preferably, 20%, 
30%, 40%, 50%, 60%, 70%, 80% or even more of the core structures contain the 
GlcNAc modification. 

S Formation of complex AT-glycans 

[0229] Formation of complex A^-glycan synthesis is a sequential process by 
which specific sugar residues are removed and attached to the core oligosaccharide 
structure. In higher eukaryotes, this is achieved by having the substrate 
sequentially exposed to various processing enzymes. These enzymes carry out 

10 specific reactions depending on their particular location within the entire 

processing cascade. This "assembly line" consists of ER, early, medial and late 
Golgi, and the trans Golgi network all with their specific processing environment. 
To re-create the processing of himian glycoproteins in the Golgi and ER of lower 
eukaryotes, numerous enzymes (e.g., glycosyltransferases, glycosidases, 

15 phosphatases and transporters) have to be expressed and specifically targeted to 
these organelles, and preferably, in a location so that they function most efficiently 
in relation to their environment as well as to other enzymes in the pathway. 
[0230] Because one goal of the methods described herein is to achieve a robust 
protein production strain that is able to perform well in an industrial fermentation 

20 process, the integration of multiple genes into the host cell chromosome involves 
carefiil planning. As described above, one or more genes which encode enzymes 
known to be characteristic of non-human glycosylation reactions are preferably 
deleted. The engineered cell strain is transformed with a range of different genes 
encoding desired activities, and these genes are transformed in a stable fashion, 

25 thereby ensuring that the desired activity is maintained throughout the fermentation 
process. 

[0231] Any combination of the following enzyme activities may be engineered 
singly or multiply into the host using methods of the invention: sialyltransferases, 
mannosidases, fiicosyltransferases, galactosyltransferases, GlcNAc transferases, 
30 ER and Golgi specific transporters (eg, syn- and antiport transporters for UDP- 
galactose and other precursors), other enzymes involved in the processing of 
oUgosaccharides, and enzymes involved in the synthesis of activated 
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oligosaccharide precursors such as UDP-galactose and CMP-N-acetylneuraminic 
acid. Preferably, enzyme activities are introduced on one or more nucleic acid 
molecules (see also below). Nucleic acid molecules may be introduced singly or 
multiply, e.g., in the context of a nucleic acid library such as a combinatorial 
S library of the invention. It is to be imderstood, however, that single or multiple 
enzymatic activities may be introduced into a host cell in any fashion, including 
but not limited to protein delivery methods and/or by use of one or more nucleic 
acid molecules without necessarily using a nucleic acid library or combinatorial 
library of the invention. 

10 

Expression Of Glvcosvltransferases To Produce Complex jV-glvcans : 
[0232] With DNA sequence information, the skilled artisan can clone DNA 
molecules encoding GnT activities (e.g., Example 3, 8, 11, IS, and 18). Using 
standard techniques well-known to those of skill in the art, nucleic acid molecules 

15 encoding GnTI, U, in, IV or V (or encoding catalytically active fragments thereof) 
may be inserted into appropriate expression vectors under the transcriptional 
control of promoters and other expression control sequences capable of driving 
transcription in a selected host cell of the invention, e.g., a fungal host such as 
Pichia sp., Kluyveromyces sp. md Aspergillus sp., as described herein, such that 

20 one or more of these mammalian GnT enzymes may be actively expressed in a 
host cell of choice for production of a human-like complex glycoprotein (e.g., 
Examples 8, 20, and 21). 

[0233] Several individual glycosyltransfiprases have been cloned aiid expressed 
in iS. cerevisiae (GalT, GnTI), Aspergillus nidulans (GnTI) and other fungi, 

25 without however demonstrating the desired outcome of 'liumanization" on the 
glycosylation pattern of the organisms (Y oshida et al (1999) Gfycobiology 
9(l):53-8; Kalsner et al. (1995) Glycoconj. /. 12(3):360-370). It was speculated 
that the carbohydrate structure required to accept sugars by the action of such 
glycosyltransferases was not present in sufficient amounts, which most likely 

30 contributed to the lack of complex 7V-glycan formation. 

[0234] A preferred method of the invention provides the functional expression of 
a GnT, such as GnTI, GnTII, and GnTm, in the early, medial or late Golgi 
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apparatus, as well as ensuring a sufficient supply of UDP-GlcNAc (e.g., by 
expression of a UDP-GlcNAc transporter; see Examples below). 

Methods for Providing Sugar Nucleotide Precursors to the Golgi Apparatus : 
5 [0235] For a glycosyltransferase to function satisfactorily in the Golgi, the 
enzyme requires a sufficient concentration of an appropriate nucleotide sugar, 
which is the high-energy donor of the sugar moiety added to a nascent 
glycoprotein. In humans, the fall range of nucleotide sugar precursors (e.g., UDP- 
^-acetylglucosanune, UDP-iV-acetylgalactosamine, CMP-TV^acetylneuraminic acid, 
10 UDP-galactose, etc.) are generally synthesized in the cytosol and transported into 
the Golgi, where they are attached to the core oligosaccharide by 
gjycosyltransferases. 

[0236] To replicate this process in non-human host cells, such as lower 
eukaryotes, sugar nucleoside specific transporters have to be expressed in the 

15 Golgi to ensure adequate levels of nucleoside sugar precxursors (Sonuners and 
Hirschberg (1981)/. Cell Biol 91(2):A406-A406; Sommers and Hirschberg 
(1982) 1 Biol Chem. 257(18):81 1-817; Perez and Hirschberg (1987) Methods in 
Euzymolog\> 138:709-715). Nucleotide sugars maybe provided to the appropriate 
compartments, e.g., by expressing in the host microorganism an exogenous gene 

20 encoding a sugar nucleotide transporter. The choice of transporter enzyme is 
influenced by the nature of the exogenous glycosyltransferase being used. For 
example, a GlcNAc transferase may require a UDP-GlcNAc transporter, a 
facos)itransferase may require a GDP-facose transporter, a galactosyltransferase 
may require a UDP-galactose transporter, and a sialyltransferase may require a 

25 CMP-sialic acid transporter. 

[0237] The added transporter protein conveys a nucleotide sugar from the cytosol 
into the Golgi apparatus, where the nucleotide sugar may be reacted by the 
glycosyltransferase, to elongate an JST-glycan. The reaction liberates a 
nucleoside diphosphate or monophosphate, UDP, GDP, or CMP. Nucleoside 

30 monophosphates can be directly ported from the Golgi in exchange for 

nucleoside triphosphate sugars by an antiport mechanism. Accumulation of a 
nucleoside diphosphate, however, inhibits the farther activity of a 
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glycosyltransferase. As this reaction appears to be important for efficient 
glycosylation, it is fi-equently desirable to provide an expressed copy of a gene 
encoding a nucleotide diphosphatase; The diphosphatase (specific for UDP or 
GDP as appropriate) hydrolyzes the diphosphonucleoside to yield a nucleoside 
5 monosphosphate and inorganic phosphate. 

[0238] Suitable transporter enzymes, which are typically of mammalian origin, 
are described below. Such enzymes may be engineered into a selected host cell 
using the methods of the invention. 

[0239] In another example, a 2,3- or a 2,6-sialyltransferase caps galactose 
10 residues with sialic acid in the trans-Golgi and TGN of humans leading to a mature 
form of the glycoprotein (Figure IB). To reengineer this processing step into a 
metabolically engineered yeast or fungus will require (1) a 2,3- or a 2,6- 
sialyltransferase activity and (2) a sufficient supply of CMP-iV-acetyl neuraminic 
acid, in the late Golgi of yeast. To obtain sufiBcient a 2,3-sialyltransferase activity 
15 m the late Golgi, for example, the catalytic domain of a known sialyltransferase 
(e.g. fi-om humans) has to be directed to the late Golgi in fungi (see above). 
Likewise, transporters have to be engineered to allow the transport of CMP-iV- 
acetyl neuraminic acid into the late Golgi. There is currently no indication that 
fungi synthesize or can even transport sufficient amounts of CMP-iV-acetyl 
20 neuraminic acid into the Golgi. Consequently, to ensure the adequate supply of 
substrate for the corresponding glycosyltransferases, one has to metabolically 
engineer the production of CMP-sialic acid into the fungus. 

UDP-N-acetylglucosamine 

25 [0240] The cDNA of human UDP-iV^acetylglucosamine transporter, which was 
recognized through a homology search in tiie expressed sequence tags database 
(dbEST), has been cloned (Ishida (1999) J. Biochem, 126(l):68-77). The 
mammalian Golgi membrane transporter for UDP-JV-acetylglucosamine was 
cloned by phenotypic correction with cDNA fi-om canine kidney cells (MDCK) of 

30 a recently characterized Kluyveromyces lactis mutant deficient in Golgi transport 
of the above nucleotide sugar (Guillen et al (1998) Proc. Natl Acad. Set USA 
95(14):7888-7892). Results demonstrate that the mammalian Golgi UDP-GlcNAc 
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transporter gene has all of the necessary information for the protein to be expressed 
and targeted functionally to the Golgi apparatus of yeast and that two proteins with 
very different amino acid sequences may transport the same solute within the same 
Golgi membrane (Guillen et al (1998) Proc. Natl Acad. Set USA 95(14):7888- 
5 7892). 

[0241] Accordingly, one may incorporate the expression of a UDP-GlcNAc 
transporter in a host cell by means of a nucleic acid construct which may contain, 
for example: (1) a region by which the transformed construct is maintained in the 
cell (e.g., origin of replication or a region that mediates chromosomal integration), 

10 (2) a marker gene that allows for the selection of cells that have been transformed, 
including counterselectable and recyclable markers such as ura3 or T-urflS 
(Soderholm et al (2001) Biotechniques 31(2):306t10) or other well characterized 
selection-markers (e,g., his4, bla, Sh ble etc.), (3) a gene or fragment thereof 
encoding a functional UDP-GlcNAc transporter (e.g., from K lactis, (Abeijon, 

15 (1996) Proc. Natl Acad. Scl U.S.A. 93:5963-5968), or from K sapiens (Ishida et 
al (1996) J. Biochem. (Tokyo) 120(6): 1074-8), and (4) a promoter activating the 
expression of the above mentioned localization/catalytic domain fusion construct 
library. 

20 GDP'Fucose 

[0242] The rat liver Golgi membrane GDP-fiicose transporter has been identified 
and purified by Puglielli and Hirschberg (1999) Biol Chem. 274(50):35596- 
35600. The corresponding gene has not been identified, however, iV-terminal 
sequencing can be used for the design of oligonucleotide probes specific for the 
25 corresponding gene. These oligonucleotides can be used as probes to clone the 
gene encoding for GDP-fucose transporter. 

UDP'Galactose 

[0243] Two heterologous genes, gwa/2(+) encoding alpha 1,2- 
30 galactosyltransferase (alpha 1 ,2 GalT) from Schizosaccharomyces pombe and 
{hUGT2) encoding human UDP-galactose (UDP-Gal) transporter, have been 
functionally expressed in S. cerevisiae to examine the intracellular conditions 
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required for galactosylation. Correlation between protein galactosylation and 
UDP-galactose transport activity indicated that an exogenous supply of UDP-Gal 
transporter, rather than alpha 1,2 GalT played a key role for efficient 
galactosylation in S. cerevisiae (Kainmna (1999) Glycobiology 9(2): 133-141). 
5 Likewise, an UDP-galactose transporter from S. pombe was cloned (Segawa 
(1999) FEBS Letters 451(3):295-298). 

CMP-N-acetylneuraminic acid (CMP-Sialic acid). 

[0244] Human CMP-sialic acid transporter (hCST) has been cloned and 

10 expressed in Lec 8 CHO cells (Aoki et al (1999) /. Biochem. (Tokyo) 126(5):940- 
50; Eckhardt et al (1997) Eur, J, Biochem. 248(1): 187-92). The functional 
expression of the murine CMP-sialic acid transports was achieved in 
Saccharomyces cerevisiae (Beminsone et al (1997) J. Biol Chem. 272(1 9): 126 16- 
9). Sialic acid has been found in some fungi, however it is not clear whether the 

15 chosen host system will be able to supply sufficient levels of CMP-Sialic acid. 
Sialic acid can be either suppHed in the medium or altematively fimgal pathways 
involved in sialic acid synthesis can also be integrated into the host genome. 

Expression of Diphosphatases : 

20 [0245] When sugars are transferred onto a glycoprotein, either a nucleoside 
diphosphate or monophosphate is released from the sugar nucleotide precursors. 
While monophosphates can be directly exported in exchange for nucleoside 
triphosphate sugars by an antiport mechanism, diphoq)honucleosides (e.g. GDP) 
have to be cleaved by phosphatases (e.g. GDPase) to yield nucleoside 

25 monophosphates and inorganic phosphate prior to being exported. This reaction 
appears to be important for efGcient glycosylation, as GDPase from S. cerevisiae 
has been found to be necessary for mannosylation. However, the enzyme only has 
10% of the activity towards UDP (Bemmsone et al (1994) J. Biol Chem. 
269(1):207-21 1). Lower eukaryotes often do not have UDP-specific diphosphatase 

30 activity in the Golgi as they do not utilize UDP-sugar precursors for glycoprotein 
synthesis in the Golgi. Schizosaccharomyces pombe, a yeast which adds galactose 
residues to cell wall polysaccharides (from UDP-galactose), was found to have 
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specific UDPase activity, further suggesting the requirement for such an enzyme 
(Beminsone et al (1994) J, Biol Chem, 269(1):207-21 1). UDP is known to be a 
potent inhibitor of glycosyltransferases and the removal of this glycosylation side 
. product is important to prevent glycosyltransferase inhibition in the lumen of the 
5 Golgi (Khatara et al (1974) Eur. J, Biochem. 44:537-560). 

Methods For Altering A^-Glycans in a Host By Expressing A Targeted 
Enzymatic Activity From a Nucleic Acid Molecule 

[0246] The present invention further provides a method for producing a human- 

1 0 like glycoprotein in a non-human host cell comprising the step of introducing into 
the cell one or more nucleic acid molecules which encode an enzyme or enzymes 
for production of the Man5GlcNAc2 carbohydrate structure. In one preferred 
embodiment, a nucleic acid molecule encoding one or more mannosidase activities 
involved in the production of Man5GlcNAc2 firom Man8GlcNAc2 or Man9GlcNAc2 

15 is introduced into the host. The invention additionally relates to methods for 

making altered glycoproteins in a host cell comprising the step of introducing into 
the host cell a nucleic acid molecule which encodes one or more glycosylation 
enzymes or activities. Preferred enzyme activities are selected from the group 
consisting of UDP-GlcNAc transferase, UDF-galactosyltransferase, GDP- 

20 fucosyltransferase, CMP-sialyltransferase, UDP-GlcNAc transporter, UDP- 

galactose transporter, GDP-fucose transporter, CMP-siahc acid transporter, and 
nucleotide diphosphatases. In a particularly preferred embodiment, the host is 
selected or engineered to express two or more enzymatic activities in which the 
product of one activity increases substrate levels of another activity, e.g., a 

25 glycosyltransferase and a corresponding sugar transporter, e.g., GnTI and UDP- 
GlcNAc transporter activities. In anoth^ preferred embodiment, the host is 
selected or engineered to expresses an activity to remove products which may 
inhibit subsequent glycosylation reactions, e,g. a UDP- or GDP-specific 
diphosphatase activity. 

30 [0247] Preferred methods of the invention involve expressing one or more 

enzymatic activities from a nucleic acid molecule in a host cell and comprise the 
step of targeting at least one enzymatic activity to a desired subcellular location 
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(eg., an organelle) by fonning a fusion protein comprising a catalytic domain of 
the enzyme and a cellular targeting signal peptide, eg., a heterologous signal 
peptide which is not normally ligated to or associated with the catalytic domain. 
The fusion protein is encoded by at least one genetic construct ("fusion construct") 
5 comprising a nucleic acid fragment encoding a cellular targeting signal peptide 
ligated in the same translational reading frame ("in-frame") to a nucleic acid 
fragment encoding an enzyme (eg, glycosylation enzyme), or catalytically active 
fragment thereof. 

[0248] The targeting signal peptide component of the fusion construct or protein 
10 is preferably derived from a.member of the group consisting of: membrane-bound 
proteins of the ER or Golgi, retrieval signals, Type n membrane proteins, Type I 
membrane proteins, membrane spanning nucleotide sugar transporters, 
mannosidases, sialyltransferases, glucosidases, mannosyltransferases and 
phosphomannosyltransferases. 
1 5 [0249] The catalytic domain component of the fusion construct or protein is 
preferably derived from a glycosidase, mannosidase or a glycosyltransferase 
activity derived from a member of the group consisting of GnTI, GnTII, GnTm, 
GnTIV, GnTV, GnTVI, GalT, Fucosyltransferase and Sialyltransferase. The 
catalytic domain preferably has a pH optimum within 1 .4 pH units of the average 
20 pH optimum of other representative enzymes in the organelle in which the enzyme 
is localized, or has optimal activity at a pH between 5.1 and 8.0. In a preferred 
embodiment, the catalytic domain encodes a mannosidase selected from the group 
consisting of C elegans mannosidase lA, C. elegans mannosidase IB, D, 
melanogaster mannosidase lA, K sapiens mannosidase IB, P. citrinum 
25 mannosidase I, mouse maimosidase lA, mouse mannosidase IB, A. nidulans 

mannosidase lA, A, nidulans mannosidase IB, A. nidulans mannosidase IC, mouse 
mannosidase H, C elegans mannosidase II, H. sapiens mannosidase H, 
mannosidase Ex, and mannosidase HI. 

30 Selecting a Glycosylation Enzyme: pH Optima and Subcellular Localization 
[0250] In one embodiment of the invention, a human-like glycoprotein is made 
efficiently in a non-human eukaryotic host cell by introducing into a subcellular 
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compartment of the cell a glycosylation enzyme selected to have a pH optimum 
similar to the pH optima of other enzymes in the targeted subcellular compartment. 
For example, most enzymes that are active in the ER and Golgi apparatus ofS. 
cerevisiae have pH optima that are between about 6.5 and 7.5 (see Table 3). 
5 Because the glycosylation of proteins is a highly evolved and efficient process, the 
internal pH of the ER and the Golgi is likely also in the range of about 6-8. All 
previous approaches to reduce mannosylation by the action of recombinant 
mannosidases in fungal hosts, however, have introduced enzymes that have a pH 
optimum of around pH 5.0 (Martinet et al (1998) Biotech. Letters 20(12): 1 171- 

10 1 177, and Chiba et al (1998) J, Biol Chem. 273(41): 26298-26304). At pH 7.0, 
the in vitro determined activity of those mannosidases is reduced to less than 10%, 
which is likely insufficient activity at their point of use, namely, the ER and early 
Golgi, for the efficient in vivo production of Man5GlcNAc2 on A^-glycans. 
[02S1] Accordingly, a preferred embodiment of this invention targets a selected 

15 glycosylation enzyme (or catalytic domain thereof), e.g., an a-mannosidase, to a 
subcellular location in the host cell {e.g., an organelle) where the pH optimum of 
the enzyme or domain is within 1 .4 pH units of the average pH optimum of other 
representative marker enzymes locaUzed in the same organelle(s). The pH 
optimum of the enzyme to be targeted to a specific organelle should be matched 

20 with the pH optimum of other enzymes found in the same organelle to maximize 
the activity per unit enzyme obtained. Table 3 sunraiarizes the activity of 
mannosidases firom various sources and their respective pH optima. Table 4 
summarizes their typical subcellular locations. 
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Table 3. Mannosidases and their pH optimum. 



Source 


Enzyme 


pH 
optimum 


Reference 


Aspergillus saitoi 


a- 1 ,2-maimosidase 


J.Xj 


XLIlloOlIIla &l Ul* \iyyy) 








jjiocnefTi, J, ODyyri, 










I ncnou&r niu T€&sei 


oc- 1 }2-niaiinosidase 


s n 


















J^^Wt llil 

JTBTIICIU lUrn 


(X-JJ- 1 jZ- 


5 0 




Clu^lnUm 


mannosiaase 














C elegans 


a- 1 ,2-mannosidase 


K < 
J,J 


see Figure 11 


Aspergillus 


a- 1 ,2-mannosidase 


O.U 


baaes ana rimtz (zuuuj 


nidulans 




Cjene 255(l):25-34 


Homo sapiens 


a- 1 ,2-mannosidase 


0.0 




lA(Golgi) 








Homo sapiens IB 


a- 1 ,2-mannosidase 


0.0 




(Golgi) 








Lepidopteran 


Typela-1,2-Man6- 


0.0 


Ren e^fl/. (1995) 


insect cells 


mannosidase 




Biochem. 34(8):2489- 








2495 


Homo sapiem 


a-D-mannosidase 


iC A 
0.0 


Chandrasekaran et al. 






(iyo4) uancer Kes. 










Xanthomonas 


a- 1 ,2,3-mannosiddse 


6.0 


U.S. Pat. No. 6,300,113 


manihotis 








M?use IB (Golgi) 


a- 1 ,2-mannosidase 


6.5 


Schneikert and 




Herscovics (1994) 








Glycobiology. 4(4):445- 
50 . 


Bacillus sp. 


a-D-1,2- 


7.0 


Maruyama et al (1994) 


(secreted) 


maimosidase 




Carbohydrate Res, 








251:89-98 



[0252] In a preferred embodiment, a particular enzyme or catalytic domain is 
targeted to a subcellular location in the host cell by means of a chimeric fusion 
5 construct encoding a protem comprising a cellular targeting signal peptide not 
normally associated with the enzymatic domain. Preferably, an enzyme or domain 
is targeted to ttie ER, the early, medial or late Golgi, or the trans Golgi apparatus of 
the host cell. 
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[0253] In a more preferred embodiment, the targeted glycosylation enzyme is a 
mannosidase, glycosyltransferase or a glycosidase. In an especially preferred 
embodiment, mannosidase activity is targeted to the ER or cis Golgi, where the 
early reactions of glycosylation occur. While this method is useful for producing a 

5 human-like glycoprotein in a non-human host cell, it will be appreciated that the 
method is also useful more generally for modifying carbohydrate profiles of a 
• glycoprotein in any eukaryotic host cell, mcluding human host cells. 
[0254] Targetmg sequences which mediate retention of proteins in certain 
organelles of the host cell secretory pathway are well-known and described in the 

1 0 scientific literature and public databases, as discussed in more detail below with 
respect to libraries for selection of targeting sequences and targeted enzymes. 
Such subcellular targeting sequences may be used alone or in combination to tai;get 
a selected glycosylation enzyme (or catalytic domain thereof) to a particular 
subcellular location in a host cell, i.e., especially to one where the enzyme will 

15 have enhanced or optimal activity based on pH optima or the presence of other 
stimulatory factors. 

[0255] When one attempts to trim high mannose structures to yield 
Man5GlcNAc2in the ER or the Golgi apparatus of a host cell such as S, cerevisiae, 
for example, one may choose any enzyme or combination of enzymes that (1) has a 

20 sufficiently close pH optimum between pH 5.2 and pH 7.8), and (2) is known 
to generate, alone or in concert, the specific isomeric MansGlcNAca structure 
required to accept subsequent addition of GlcNAc by GnTL Any enzyme or 
combination of enzymes that is shown to generate a structure that can be converted 
to GlcNAcMansGlcNAca by GnTI in vitro would constitute an appropriate choice. 

25 This knowledge may be obtained fix>m the scientific literature or experimentally. 
For example, one may determine whether a potential mannosidase can convert 
Man8GlcNAc2-2AB (2-aminobenzamide) to MansGlcNAca-AB and then verify 
that the obtained Man5GlcNAc2-2AB structure can serve a substrate for GnTI and 
UDP-GlcNAc to give GlcNAcMansGlcNAci in vitro, Mannosidase lA from a 

30 hiraian or murine source, for example, would be an appropriate choice {see^ e.g., 
Example 4). Examples described herein utilize 2-aminobenzamide labeled N- 
linked oUgomannose followed by HPLC analysis to make this determination. 
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Table 4. Cellular location and pH optima of various glycosylation-related 
enzymes of S. cerevisiae. 



Gene Activity 



Location pH optimum Reference(s) 



KTRl a- 1,2 

mannosyltransferase 



MNSl a- 1,2-mannosidase 



CWH41 glucosidase I 

mannosyltransferase 



KRE2 a- 1,2 

mannosyltransferase 



Golgi 



ER 



ER 
Golgi 



Golgi 



7.0 



6.5 



6.8 

7-8 



6.5-9.0 



Romero et al 
(1997) Biochem, 
y. 321(Pt2):289- 
295 

Lipari et al 
(1994) 

Glycobiology, 
Oct;4(5):697.702 

Lehele and 
Tanner (1974) 
Biochim. 
Biophys, Acta 
350(l):225-235 
Romero et al 
(1997) Biochem. 
j:321(Pt 2):289- 
295 



5 [0256] Accordingly, a giycosylation enzyme such as an a- 1 ,2-mannosidase 
enzyme used according to the invention has an optimal activity at a pH of between 
5.1 and 8.0. In a preferred embodiment, the enzyme has an optimal activity at a 
pH of between 5.5 and 7.5. The C. elegans mannosidase enzyme, for example, 
works well in the methods of the invention and has an apparent pH optimum of 

10 about 5.5). Preferred mannosidases include those listed in Table 3 having 

appropriate pH optima, e,g, Aspergillus nidulans. Homo sapiens lA (Golgi), Homo 
sapiens IB (Golgi), Lepidopteran insect cells (IPLB-SF21 AE), Homo sapiens, 
mouse IB (Golgi), Xanthomonas manihotis, Drosophila melanogaster and C. 
elegans, 

15 [02571 An experiment which illustrates the pH optimum for an a-1 ,2- 
mannosidase enzyme is described in Example 7. A chimeric fusion protein BB27- 
2 {Saccharomyces MNNIO (s)/C elegans mannosidase IB A3 1), which leaks into 
the medium was subjected to various pH ranges to detemiine the optimal activity 
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of the enzyme. The results of the experiraent show that the a-l,2-maimosidase has 
an optimal pH of about 5.5 for its function (Figure 11). 
[02581 In a preferred embodiment, a single cloned mannosidase gene is 
expressed in the host organism. However, in some cases it may be desirable to 

5 express several different mannosidaise genes, or several copies of one particular 
gene, in order to achieve adequate production of Man5GlcNAc2. In cases where 
multiple genes are used, the encoded mannosidases preferably all have pH optima 
within the preferred range of about 5.1 to about 8.0, or especially between about 
5.5 and about 7.5. Preferred mannosidase activities mcludq (»-l,2-mannosidases 

10 derived from mouse, human, Lepidoptera, Aspergillus nidulans, or Bacillus sp., C 
elegans, D, melanogaster, P. citrinum, X. laevis ox A. nidulans. 

In Vivo Aiteration of Host Cell Glycosylation Using a 
Combinatorial DNA Library 

1 5 [0259] Certain methods of the invention are preferably (but need not necessarily 
be) carried out using one or more nucleic acid libraries. An exemplary feature of a 
combinatorial nucleic acid library of the invention is that it comprises sequences 
encoding cellular targeting signal peptides and sequences encoding proteins to be 
targeted {e,g, enzymes or catalytic domains thereof, including but not limited to 

20 those which mediate glycosylation). 

[0260] In one embodiment, a combinatorial nucleic acid library comprises: (a) at 
least two nucleic acid sequences encoding different cellular targeting signal 
peptides; and (b) at least one nucleic acid sequence encoding a polypeptide to be 
targeted. In another embodiment, a combinatorial nucleic acid Ubrary comprises: 

25 (a) at least one nucleic acid sequence encoding a cellular targeting signal peptide; 
and (b) at least two nucleic acid sequmces encoding a polypq)tide to be targeted 
into a host cell. As described further below, a nucleic acid sequOTce derived from 
(a) and a nucleic acid sequence derived from (b) are ligated to produce one or more 
fusion constructs encoding a cellular targeting signal peptide functionally linked to 

30 a polypeptide domain of interest. One example of a functional linlcage is when the 
cellular targeting signal peptide is ligated to the polypeptide domain of interest in 
the same translational reading frame ("in-frame"). 
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[0261] In a preferred embodiment, a combinatorial DNA library expresses one or 
more fusion proteins comprising cellular targeting signal peptides ligated in-frame 
to catalytic enzyme domains. The encoded fusion protein preferably comprises a 
catalytic domain of an enzyme involved in mammalian- or human-like 

5 modification of iV-glycans. In a more preferred embodiment, the catalytic domain 
is derived from an enzyme selected from the group consisting of mannosidases, 
glycosyltransferases and other glycosidases which is ligated in-frame to one or 
more targeting signal peptides. The enzyme domain may be exogenous and/or 
endogenous to the host cell A particularly preferred signal peptide is one 

10 normally associated with a protein that undergoes ER to Golgi transport* 

[0262] The combinatorial DNA library of the present invention may be used for 
producing and localizing in vivo enzymes involved in mammalian- or human-like 
//-glycan modification. The fusion constructs of the combinatorial DNA library 
are engineered so that the encoded enzymes are localized in the ER, Golgi or the 

15 trans-Golgi network of the host cell where they are involved in producing 
particular AT-glycans on a glycoprotein of interest. Localization of iV-glycan 
modifying enzymes of the present invention is achieved through an anchoring 
mechanism or through protein-protein interaction where the localization peptide 
constructed from the combinatorial DNA library localizes to a desired organelle of 

20 the secretory pathway such as the ER, Golgi or the trans Golgi network. 

[0263] An example of a useful iV^glycan, which is produced efficiently and in 
sufficient quantities for further modification by human-like (complex) 
glycosylation reactions is Man5GlcNAc2. A sufficient amount of Man5GlcNAc2 is 
needed on a glycoprotein of interest for further human-like processing in vivo (e.^., 

25 more than 30 mole %). The MansGlcNAca intermediate may be used as a substrate 
for further iV^glycan modification to produce GlcNAcMansGlcNAca (Figure IB; 
see above). Accordingly, the combinatorial DNA Ubrary of the present invention 
may be used to produce- enzymes that subsequently produce 
GlcNAcMansGlcNAca, or other desired complex iST-glycans, in a usefixl quantity. 

30 [0264] A further aspect of the fusion constructs produced using the combinatorial 
DNA library of the present invention is that they enable sufficient and often near 
complete intracellular iV-glycan trimming activity in the engineered host cell. 
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Preferred fusion constructs produced by the combinatorial DNA library of the 
invention encode a glycosylation enzyme, e.g., a maimosidase, which is effectively 
localized to an intracellular host cell compartment and thereby exhibits very little 
and preferably no extracellular activity. The preferred fiision constructs of the 

5 present invention that encode a mannosidase enzyme are shown to localize where 
the iV-glycans are modified, namely, the ER and the Golgi. The fusion enzymes of 
the present mvention are targeted to such particular organelles in the secretory 
pathway where they localize and act upon TV^glycans such as Man8GlcNAc2 to 
produce Man5GlcNAc2 on a glycoprotein of interest 

10 [0265] GnTm fusion constructs generated from a combinatorial DNA library to 
produce bisected glycans were assayed to determine any extracellular activity. An 
example of a GnTm fusion constructs exhibiting in vivo alteration of host cell 
glycosylation is designated pVA53. After transforming P, pastoris YSH-1 with 
the fiision construct pVA53, the supernatant was tested to detect any ex vivo 

15 GnTin activity. Figure 33 shows no apparent change in the standard substrate 
GlcNAcMansGlcNAca under conditions that would reveal extracellular GnTm 
activity in the medium (Example 22), Similarly, Figure 34 shows no detectable 
extracellulai' GnTm activity in the medium in P. pastoris YSH-57 reacting with 
the substrate GlcNAc2Man3GlcNAc2 (Example 23). 

20 [0266] Enzymes produced by the combinatorial DNA library of the present 
invention can modify 7V-glycans on a glycoprotein of interest as shown for K3 or 
IFN-j8 proteins expressed in P. pastoris^ as shown in Figures 5, 6, and 25-34 (see 
also Examples 2, 4, and 18-23). It is, however, appreciated that other types of 
glycoproteins, without limitation, including erythropoietin, cytokines such as 

25 interferon-a, interferon-P, interferon-y, interferon-co, and granulocyte-CSF, 

coagulation factors such as factor Vm, factor DC, and human protein C, soluble 
IgE receptor a-cham, IgG, IgG fragments, IgM, mterleuldns, urokinase, chymase, 
and urea trypsin inhibitor, IGF-binding protein, epidermal growth factor, growth 
hormone-releasing factor, annexm V fusion protein, angiostatin, vascular 

30 endothelial growth factor-2, myeloid progenitor inhibitory factor- 1 , 

osteoprotegerin, Orl antitrypsin, DNase H, Or feto proteins, AAT, rhTBP-1 
(onercept, aka TNF Binding protein 1), TACI-Ig (transmembrane activator and 
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calcium modulator and cyclophilin ligand interactor), FSH (follicle stimulating 
honnone), GM-CSF, GLP-1 w/ and w/o FC (glucagon like protein 1) IL-1 receptor 
agonist, sTNFr (enbrel, aka soluble TNF receptor Fc fusion) ATin, rhThrombin, 
glucocerebrosidase and CTLA4-Ig (Cytotoxic T Lymphocyte associated Antigen 4 
S - Ig) may be glycosylated in this way. 

Constructing a Combinatorial DNA Library of Fusion Constructs : 

[0267] A combinatorial DNA library of fusion constructs features one or more 

cellular targeting signal pq)tides ("targeting peptides") generally derived from N- 

10 terminal domains of native proteins {e,g., by making C-tenninal deletions). Some 
targeting peptides, however, are derived from the C-terminus of native proteins 
(e.g. SEC12), Membrane-bound proteins of the ER or the Golgi are preferably 
used as a source for targeting peptide sequences. These proteins have sequences 
encoding a cytosolic tail (ct), a transmembrane domain (tmd) and a stem region 

15 (sr) which are varied in length. These regions are recognizable by protein 
sequence alignments and comparisons with known homologs and/or other 
localized proteins (e.g., comparing hydrophobicity plots). 
[0268] The targeting peptides are indicated herein as short (s), medium (m) and 
long (1) relative to the parts of a type U membrane. The targeting peptide sequence 

20 indicated as short (s) corresponds to the transmembrane domain (tmd) of the 
membrane-bound protein. The targeting peptide sequence indicated as long (1) 
corresponds to the length of the transmembrane domain (tmd) and the stem region 
(sr). The targeting peptide sequence indicated as medium (m) corresponds to the 
transmembrane domain (tmd) and approximately half the length of the stem region 

25 (sr). The catalytic domain regions are indicated herein by the number of 
nucleotide deletion with respect to its wild-type glycosylation enzyme. 

Sub-libraries 

[0269] In some cases a combinatorial nucleic acid library of the invention may 
30 be assembled directly from existing or wild-type genes. In a preferred 

embodiment, the DNA Ubrary is assembled from the fusion of two or more sub- 
libraries. By the in-frame Ugation of the sub-Ubraries, it is possible to create a 
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large number of novel genetic constructs encoding useful targeted protein domains 
such as those which have giycosylation activities. 

Catalytic Domain Sub-Libraries Encoding Giycosylation Activities 

5 [0270] One useful sub-library includes DNA sequences encoding enzymes such 
as glycosidases (e,g.y mannosidases), glycosyltransferases fucosyl- 
transferases, galactosyltransferases, glucosyltransferases), GlcNAc transferases 
and sialyltransferases. Catalytic domains may be selected from the host to be 
engineered, as well as from other related or unrelated organisms. Mammalian, 

10 plant, insect, reptile, algal or fungal enzymes are all useful and should be chosen to 
represent a broad spectrum of biochemical properties with respect to temperature 
and pH optima. In a preferred embodiment, genes are truncated to give fragments 
some of which encode the catalytic domains of the enzymes. By removing 
endogenous targeting sequences, the enzymes may then be redirected and 

1 5 expressed in other cellular loci. 

[0271] The choice of such catalytic domains may be guided by the knowledge of 
the particular environment in which the catalytic domain is subsequently to be 
active. For example, if a particular giycosylation enzyme is to be active in the late 
Golgi, and aU known enzymes of the host organism in the late Golgi have a certain 

20 pH optimum, or the late Golgi is known to have a particular pH, then a catalytic 
domain is chosen which exhibits adequate, and preferably maximum, activity at 
that pH, as discussed above. 

Targeting Peptide Sequence Sub-Libraries 

25 [0272] Another useful sub-library includes nucleic acid sequences encoding 
targeting signal peptides that result in localization of a protein to a particular 
location within the ER, Golgi, or trans Golgi network. These targeting peptides 
may be selected from the host organism to be engineered as well as from other 
related or unrelated organisms. Generally such sequences fall into three 

30 categories: (1) A^-terminal sequences encoding a cytosolic tail (ct), a 

transmembrane domain (tmd) and part or all of a stem region (sr), which together 
or individually anchor proteins to the inner (lumenal) membrane of the Golgi; (2) 
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retrieval signals which are generally found at the C-terminus such as the HDEL 
(SEQ ID N0:41) or KDEL (SEQ ID NO:42) tetrapeptide; and (3) membrane 
spanning regions from various proteins, e,g,y nucleotide sugar transporters, which 
are known to localize in the Golgi. 
5 [0273] In the first case, where the targeting peptide coiisists of various elements 
(ct, tmd and sr), the library is designed such that the ct, the tmd and various parts 
of the stem region are represented. Accordingly, a preferred embodiment of the 
sub-library of targeting pq>tide sequences includes ct, tmd, and/or sr sequences 
from membrane-bound proteins of the ER or Golgi. In some cases it may be 
1 0 desirable to provide the sub-library with varying lengths of sr sequence. This may 
be accomplished by PGR using primers that bind to the 5' end of the DNA 
encoding the cytosolic region and employing a series of opposuig primers that bind 
to various parts of the stem region. 

[0274] Still other useful sources of targeting peptide sequences include retrieval 
15 signal peptides, e.g. the tetrapeptides HDEL or KDEL, which are typically foimd at 
the C-terminus of proteins that are transported retrograde into the ER or Golgi. 
Still other sources of targeting peptide sequences include (a) type n membrane 
proteins, (b) the enzymes listed in Table 3, (c) membrane spanning nucleotide 
sugar transporters that are locaUzed in the Golgi, and (d) sequences referenced in 
20 Tables. 

Table S. Sources of useful compartmental targeting sequences 



Gene or 
Sequence 


Organism 


Function 


Location of Gene 
Product 


MNSI 


A. nidulans 


a- 1 ,2-mannosidase 


ER 


MNSI 


A, niger 


a-1 ,2-mannosidase 


ER 


MNSI 


S. cerevisiae 


a- 1 ,2-mannosidase 


ER 


GLSI 


S. cerevisiae 


glucosidase 


ER 


GLSI 


A, niger 


glucosidase 


ER 


GLSI 


A, nidulans 


glucosidase 


ER 


HDEL 

at C-terminus 


Universal in 
fungi 


retrieval signal 


ER 


SEC12 


S, cerevisiae 


COPn vesicle protein 


ER/Golgi 
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SEC12 


A, niger 


COPn vesicle protein 


ER/Golgi 


OCHl 


S, cerevisiae 


1 ,6-mannosyltransferase 


Golgi (cis) 


OCHl 


P. pastoris 


1 ,6-mamiosyltransferase 


Golgi (cis) 


MNN9 


S, cerevisiae 


complex 


Golgi 


MNN9 


A. niger 


undetermined 


Golgi 


VANl 


S, cerevisiae 


undetermined 


Golgi 


VANl 


A, niger 


undetermined 


Golgi 


ANPl 


iS. cerevisiae 


undetermined 


Golgi 


HOCI 


iS. cerevisiae 


undetermined 


Golgi 


MNNIO 


S. cerevisiae 


undetermined 


Golgi 


MNNIO 


A. niger 


undetermined 


Golgi 


MNNll 


S, cerevisiae 


undetermined 


Golgi (cis) 


MNNU 


A. niger 


undetermined 


Golgi (cis) 


MNTl 


S, cerevisiae 


1 ,2-mannosyltransferase 


Golgi (cis, medial) 


KTRl 


P. pastoris 


undetermined 


Golgi (medial) 


KRE2 


P. pastoris 


undetermined 


Golgi (medial) 


KTR3 


P. pastoris 


undetermined 


Golgi (medial) 


MNN2 


S. cerevisiae 


1 ,2-mannosyltransferase 


Golgi (medial) 


KTRl 


S. cerevisiae 


undetermined 


Golgi (medial) 


KTR2 


S. cerevisiae 


undetennined 


Golgi (medial) 


MNNl 


S. cerevisiae 


1 ,3 -mannosyl transferase 


Golgi (trans) 


MNN6 


S, cerevisiae 


Phosphomannosyltransfer 
ase 


Golgi (trans) 


2,6 ST 


H. sapiens 


2,6-sialyltransferase 


trans Golgi 
network 


UDP-Gal T 


S. pombe 


UDP-Gal transporter 


Golgi 



[0275] In any case, it is higjily preferred that targeting peptide sequences are 
selected which are appropriate for the particular enzymatic activity or activities to 
function optimally within the sequence of desired giycosylation reactions. For 
S example, in developing a modified microorganism capable of terminal sialylation 
of nascent iV-glycans, a process which occurs in the late Golgi in humans, it is 
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desirable to utilize a sub-library of targeting peptide sequences derived from late 
Golgi proteins. Similarly, the trimming of MangGlcNAci by an a-1 ,2-maimosidase 
to give Man5GlcNAc2 is an early step in complex AT-glycan formation in humans 
(Figure IB). It is therefore desirable to have this reaction occur in the ER or early 
S Golgi of an engineered host microorganism. A sub-library encoding ER and early 
Golgi retention signals is used. 

[0276] A series of fusion protein constructs (i. e, , a combinatorial DNA library) is 
then constructed by functionally linking one or a series of targeting peptide 
sequences to one or a series of sequences encoding catalytic domains. In a 
10 preferred embodiment, this is accomplished by the in-frame ligation of a sub- 
library comprising DNA encoding targeting peptide sequences (above) with a sub- 
libraiy comprising DNA encoding glycosylation enzymes or catalytically active 
fragments thereof (see below), 

[0277] The resulting library comprises synthetic genes encoding targeting 
15 peptide sequence-containing fusion proteins. In some cases it is desirable to 
provide a targeting peptide sequence at the N-teiminus of a fusion protein, or in 
other cases at the C-tenninus, In some cases, targeting peptide sequences may be 
inserted within the open reading frame of an enzyme, provided the protein 
structure of individual folded domains is not disrupted. Each type of fusion protein 
20 is constructed (in a step-wise directed or semi-random fashion) and optimal 

constructs may be selected upon transformation of host cells and characterization 
of glycosylation patterns in transformed cells using methods of the invention. 

Alteration of Host Cell Glvcosvlation Using Fusion Constructs From 
25 Combinatorial Libraries: ^ 

[0278] The construction of a preferred combinatorial DNA library is illustrated 
schematically in Figure 2 and described in Example 4. The fusion construct may 
be operably linked to a multitude of vectors, such as expression vectors well- 
30 known in the art. A wide variety of such fusion constructs were assembled using 
representative activities as shown in Table 6. Combinations of targeting 
peptide/catalytic domains may be assembled for use in targeting mannosidase, 
glycosyltransferase and glycosidase activities in the ER, Golgi, and -the trans Golgi 
network according to the invention. Surprisingly, the same catalytic domain may 
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have no effect to a very profound effect on N-glycosylation patterns, depending on 
the type of targeting peptide used (see, e.g,. Table 7, Example 4). 

Mannosidase Fusion Constructs 
S [0279] A representative example of a mannosidase fusion construct derived from 
a combinatorial DNA library of the invention is pFB8, which a truncated 
Saccharomyces SEC12(m) targeting peptide (988-1296 nucleotides of SECl 2 from 
SwissProt PI 1655) ligated in-frame to a 187 N-terminal amino acid deletion of a 
mouse o-mannosidase lA (Genbank AN 6678787). The nomenclature used herein, 

10 thus, refers to the targeting peptide/catalytic domain region of a glycosylation 

enzyme as Saccharomyces SECl 2 (m)/mouse mannosidase lA A187. The encoded 
fusion protein localizes in tiie ER by means of the SECl 2 targeting peptide 
sequence while retaining its mannosidase catalytic domain activity and is capable 
of producing in vivo A^-glycans having a MansGlcNAca structure (Example 4; 

15 Figures 6F and 7B). 

[0280] The fusion construct pGCS, Saccharomyces MNS l(m)/mousG 
mannosidase IB A99, is another example of a fusion construct having intracellular 
mannosidase trimming activity (Esample 4; Figures 5D and SB). Fusion 
construct pBC13-S (Saccharomyces VANl(s)/C. elegans maimosidase IB A80) is 

20 yet anoth^ example of an efficient fusion construct capable of producing iV- 
glycans having a MansGlcNAc2 structure in vivo. By creating a combinatorial 
DNA library of these and oflier such mannosidase fusion constructs according to 
the invention, a skilled artisan may distinguish and select those constructs having 
optimal intracellular trimming activity from those having relatively low or no 

25 activity. Methods using combinatorial DNA libraries of the invention are 
advantageous because only a select few mannosidase fusion constructs may 
produce a particularly desired iV-glycan in vivo. 

[0281] In addition, mannosidase trimming activity may be specific to a particular 
protein of interest. Thus, it is to be further understood that not all targeting 
30 peptide/mamiosidase catalytic domain frision constructs may function equally well 
to produce the proper glycosylation on a glycoprotein of interest Accordingly, a 
protein of interest may be introduced into a host cell transfected with a 



93 



wo 2004/074461 



PCT/US2004/005191 



combinatorial DNA library to identify one or more fixsion constructs which express 
a mannosidase activity optimal for the protein of interest. One skilled in the art 
will be able to produce and select optimal fusion construct(s) using the 
combinatorial DNA library approach described herein. 

S [0282] It is apparent, moreover, that other such fusion constructs exhibiting 

localized active mannosidase catalytic domains (or more generally, domains of any 
enzyme) may be made using techniques such as those exemplified in Example 4 
and described herein. It will be a matter of routine experimentation for one skilled 
in the art to make and use the combinatorial DNA Ubrary of the present invention 

10 to optimize, for example, Man5GlcNAc2 production from a library of fiision 
constructs in a particular expression vector introduced into a particular host cell. 

Glycosyltransferase Fusion Constructs 

[0283] Similarly, a glycosyltransferase combinatorial DNA library was made 

15 using the methods of the invention. A combinatorial DNA library of sequences 
derived from glycosyltransferase I (GnTI) activities were assembled with targeting 
peptides and screened for efficient production in a lower exikaryotic host cell of a 
GlcNAcMansGlcNAco A^glycan structure on a marker glycoprotein. A fusion 
construct shown to produce GlcNAcMan5GlcNAc2 (pPB104), Saccharomyces 

20 AfiV?V9(s)/human GnTI A38 was identified (Example 8). A wide variety of such 
GnTI fusion constructs were assembled (Example 8, Table 10). Other 
combinations of targeting peptide/GnTI catalytic domains can readily be 
assembled by making a combinatorial DNA library. It is also £q>parent to one 
skilled in the art that other such fusion constmcts exhibiting glycosyltransferase 

2S activity may be made as demonstrated in Example 8. It will be a matter of routine 
experimentation for one skilled in the art to use the combinatorial DNA library 
method described herein to optimize GIcNAcMan5GlcNAc2 production using a 
selected fusion construct in a particular expression vector and host cell line. 
(02841 As stated above for mannosidase fusion constructs, not all targeting 

30 peptide/GnTI catalytic domain fusion constructs will function equally well to 

produce the proper glycosylation on a glycoprotein of interest as described herein. 
However, one skilled in the art will be able to produce and select optimal fusion 
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construct(s) using a DNA library approacH as described herein. Example 8 
illustrates a preferred embodiment of a combinatorial DNA library comprising 
targeting peptides and GnTI catalytic domain fusion constructs involved in 
producing glycoproteins with predominantly GlcNAcMan5GlcNAc2 structure. 

5 

Using Multiple Fusion Constructs to Alter Host Cell Glycosylation 
[0285] In another example of using the methods and libraries of the invention to 
alter host cell glycosylation, a P. pastoris strain with an OCHl deletion that 
expresses a reporter protein (K3) was transformed with multiple fusion constructs 

1 0 isolated from combinatorial libraries of the invention to convert high maimose N- 
glycans to human-like AT-glycans (Example 8). First, the mannosidase fusion 
construct pFBS (Saccharomyces SEC12 (m)/mouse mannosidase lA A187) was 
transformed into a P. pastoris strain lacking 1,6 initiating mannosyltransferases 
activity (i.e., ochl deletion; Example 1). Second, pPB103 comprising a iT. lactis 

15 MNN2-2 gene (Genbank AN AF106080) encoding an UDP-GlcNAc transporter 
was constructed to increase further production of GlcNAcMansGlcNAca. The 
addition of the UDP-GlcNAc transporter increased production of 
GlcNAcMan5GlcNAc2 significantly in the P. pastoris strain as illustrated in Figure 
lOB. Third, pFB104 comprising Saccharomyces MNN9 (s)/human GnTI A38 was 

20 introduced into the strain. This P. po^tom strain is referred to as "PBP-3." {See 
Figure 36.) 

[0286] It is understood by one skilled m the art that host cells such as the above- 
described yeast strains can be sequentially transformed and/or co-transfoimed with 
one or more expression vectors. It is also understood that the order of 
25 transformation is not particularly relevant in producing the glycoprotemi of interest. 
The skilled artisan recognizes the routine modifications of the procedures disclosed 
herein may provide improved results in the production of the glycoprotein of 
interest. 

[0287] The importance of using a particular targeting peptide sequence with a 
30 particular catalytic domain sequence becomes readily apparent from the 

experiments described herein. The combinatorial DNA library provides a tool for 
constructing enzyme fusions that are involved in modifying ^-glycans on a 
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glycoprotein of interest, which is especially useful in producing human-like 
glycoproteins. (Any enzyme fusion, however, may be selected using libraries and 
methods of the invention.) Desired transfoimants expressing appropriately 
targeted, active a-l,2-mannosidase produce K3 with //-glycans of the structure 

5 Man5GlcNAc2 as shown in Figures 5D and 5E. This confers a reduced molecular 
mass to the cleaved glycan compared to the K3 of the parent OCHl deletion strain, 
as was detected by MALDI-TOF mass spectrometry in Figure SC. 
[0288] Similarly, the same approach was used to produce another secreted 
glycoprotein: IFN-jS comprising predominantly MansGlcNAca. The 

10 MansGlcNAcz was removed by PNGase digestion (Papac et al (1998) 

Glycobiology 8:445-454) and subjected to MALDI-TOF as shown in Figures 6A - 
6F. A single prominent peak at 1254 (m/z) confirms MansGlcNAa production on 
IFN- j3 in Figures 6E (pGCS) (Saccharomyces Af/V5'i(m)/mouse mannosidase IB 
A99) and 6F (pFB8) {Saccharomyces SEC 12 (m)/mouse mannosidase I A A 187). 

15 Furthermore, in the P. pastoris strain PBP-3 comprising pFB8 {Saccharomyces 
SEC12 (m)/mouse mannosidase lA A187), pPB104 {Saccharomyces MNN9 
(s)/human GnTI A38) and pPB103 {K. lactis MNNl-l gene), the hybrid ;\^-glycan 
GlcNAcMansGlcNAc: [b] was detected by MALDI-TOF (Figure 10). 
[0289] After identifying transformants with a high degree of mannose trimming, 

20 additional experiments were performed to confirm that mannosidase (trimming) 
activity occurred in vivo and was not predominantly ttie result of extracellular 
activity in the growth medium (Example 6; Figures 7-9). 
[0290] Although the present invention is exemplified using a P. pastoris host 
organism, it is understood by those skilled in the art that other eukaryotic host 

25 cells, including other species of yeast and fimgal hosts, may be altered as described 
herein to produce human-like glycoproteins. The techniques described herein for 
identification and disruption of undesirable host cell glycosylation genes, e.g. 
OCHly is understood to be applicable for these and/or other homologous or 
functionally related genes m other eukaryotic host cells such as other yeast and 

30 fungal strains. As described in Example 9, ochl mnnl genes were deleted firom K. 
lactis to engineer a host cell leading to //-glycans that are completely converted to 
Man5GlcNAc2 by 1,2-mannosidase (Figure 12C). 
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[0291] The MNNl gene was cloned from K, lactis as described in Example 9. 
The nucleic acid and deduced amino acid sequences of the K. lactis MNNl gene 
are shown in SEQ ID NOs:43 and 44, respectively. Using gene-specific primers, a 
construct was made to delete the MNNl gene from the genome ofK lactis 
5 (Example 9). Host cells depleted in ochi and mnnl activities produce A^-glycans 
having a Man9GlcNAc2 carbohydrate structure (see, e.g., Figure 12B). Such host 
cells may be engineered further using, e.g.y methods and libraries of tiie invention, 
to produce mammalian- or human-like glycoproteins. 

[0292] Thus, in another embodiment, the invention provides an isolated nucleic 

10 acid molecule having a nucleic acid sequence comprising or consisting of at least 
forty-five, preferably at least 50, more preferably at least 60 and most preferably 
75 or more nucleotide residues of the K. lactis MNNl gene (SEQ ID NO: 43), and 
. homologs, variants and derivatives thereof. The invention also provides nucleic 
acid molecules that hybridize under stringent conditions to the above-described 

15 nucleic acid molecules. Similarly, isolated polypeptides (including muteins, allelic 
variants, fragments, derivatives, and analogs) encoded by the nucleic acid 
molecules of the invention are provided. In addition, also provided are vectors, 
including expression vectors, which comprise a nucleic acid molecule of the 
invention, as described further herein. Similarly host cells transformed with the 

20 nucleic acid molecules or vectors of the invention are provided. 

[0293] Another aspect of the present invention thus relates to a non-hvunan 
eukaryotic host strain expressing glycoproteins comprising modified ^-glycans 
that resemble those made by human-cells. Performing the methods of the 
invention in species other than yeast and fungal cells is thus contemplated and 

25 encompassed by this invention. It is contemplated that a combinatorial nucleic 
acid library of the present invention may be used to select constructs that modify 
the glycosylation pathway in any eukaryotic host cell system. For example, the 
combinatorial Ubraries of the invention may also be used in plants, algae and 
insects, and in other eukaryotic host cells, including mammalian and human cells, 

30 to localize proteins, including glycosylation enzymes or catalytic domains thereof^ 
in a desired location along a host cell secretory pathway. Preferably, glycosylation 
enzymes or catalytic domains and the like are targeted to a subcellular location 
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along the host cell secretory pathway where they are capable of fimctioning, and 
preferably, where they are designed or selected to function most efficiently. 
[0294] Plant and insect cells may also be engineered to alter the glycosylation of 
expressed proteins using the combinatorial library and methods of the invention. 

5 Furthermore, glycosylation in mammalian cells, including human cells, may also 
be modified using the combinatorial library and methods of the invention. It may 
be possible, for example, to optimize a particular enzymatic activity or to 
otherwise modify the relative proportions of various AT-glycans made in a 
mammalian host cell using the combinatorial library and methods of the invention. 

1 0 10295] Examples of modifications to glycosylation which can be affected using a 
method according to this embodiment of the invention are: (1) engineering a 
eukaryotic host cell to trim mannose residues fi-om Man8GlcNAc2 to yield a 
Man5GlcNAc2 iV-glycan; (2) engineering eukaryotic host cell to add an 
TV-acetylglucosamine (GlcNAc) residue to Man5GlcNAc2 by action of GlcNAc 

15 transferase I; (3) engineering a eukaryotic host cell to functionally express an 
enzyme such as an iV-acetylglucosaminyl Transferase (GnTI, GnTU, GnTIII, 
GnXrV, GnTV, GnTVI), mannosidase H, fucosyltransferase (FT), galactosyl 
tranferase (GalT) or a sialyltransferase (ST). 

[0296] By repeating the method, increasingly complex glycosylation pathways 
20 can be engineered into a target host, such as a lower eukaryotic microorganism. In 
one preferred embodiment, the host organism is transformed two or more times 
with DNA libraries uicluding sequences encoding glycosylation activities. 
Selection of desired phenotypes may be performed aft^ each round of 
transformation or alternatively after several transformations have occurred. 
25 Complex glycosylation pathways can be rapidly engineered in this manner. 

Sequential Glycosylation Reactions 

[0297] In a preferred embodiment, such targeting peptide/catalytic domain 
libraries are designed to incoiporate existing information on the sequential nature 
30 of glycosylation reactions in higjier eukaryotes. Reactions known to occur early in 
tiie course of glycoprotein processing require the targeting of enzymes that 
catalyze such reactions to an early part of the Golgi or the ER. For example, the 
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trimTning of MangGlcNAca to MansGlcNAca by maimosidases is an early step in 
complex AT-glycan formation (Figures IB and 35A). Because protein processing is 
initiated in the ER and then proceeds through the early, medial and late Golgi, it is 
desirable to have this reaction occur in the ER or early Golgi. When designing a 
5 library for mannosidase I localization, for example, one thus attempts to match ER 
and early Golgi targeting signals with the catalytic domain of mannosidase 1. 

Generating Additional Sequence Diversity 

[0298] The method of this embodiment is most effective when a nucleic acid, 
1 0 , a DNA library transformed into the host contains a large diversity of 

sequences, thereby increasing the probability that at least one transformant will 
exhibit the desired phenotype. Single amino acid mutations, for example, may 
drastically alter the. activity of glycoprotein processing enzymes (Romero et al 
(2000) J, Biol. Cheith 275(1 5): 11071-4). Accordingly, prior to transformation, a 
1 5 DNA library or a constituent sub-library may be subjected to one or more 

techniques to generate additional sequence diversity. For example, one or more 
roxmds of gene shuffling, error prone PGR, in vitro mutagenesis or other methods 
for generating sequence diversity, may be performed to obtain a larger diversity of 
sequences within the pool of fusion constructs. 

20 

Expression Control Sequences 

[0299] In addition to the open reading frame sequences described above, it is 
generally preferable to provide each library construct with expression control 
sequences, such as promoters, transcription temiinators, enhancers, ribosome 
25 binding sites, and other functional sequences as may be necessary to ensure 

effective transcription and translation of the fusion proteins upon transformation of 
fusion constructs into the host organism. 

[0300] Suitable vector components, e.g.^ selectable markers, expression control 
sequences (e^g.^ promoter, enhancers, terminators and the like) and, optionally, 
30 sequences required for autonomous replication in a host cell, are selected as a 
function of which particular host cell is chosen. Selection criteria for suitable 
vector components for use in a particular mammalian or a lower eukaryotic host 
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cell are routine. Preferred lower eukaryotic host cells of the invention include 
Pichia pastoriSy Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia 
membranaefacieiis, Pichia opuntiae, Pichia thermotolerans^ Pichia salictaria, 
Pichia guercuuniy Pichia pijperi, Pichia stiptis, Pichia methanolica, Pichia sp.j 

5 Saccharomyces cerevisiae, Saccharomyces sp., Hansenula polymorpha, 

Kluyveromyces sp., Kluyveromyces lactis, Candida albicans^ Aspergillus nidulans, 
Aspergillus niger, Aspergillus oryzae, Trichoderma reesei, Chrysosporium 
lucknowense, Fusarium sp. Fusarium gramineum, Fusarium venenatum and 
Neurospora crassa. Where the host is Pichia pastoris, suitable promoters include, 

1 0 for example, the AOXl, A0X2, GAPDH and P40 promoters. 

Selectable Markers 

[03011 It is also preferable to provide each construct with at least one selectable, 
marker, such as a gene to impart drug resistance or to complement a host metabolic 
15 lesion. The presence of the marker is useful in the subsequent selection of 

transformants; for example, in yeast the URA3, HIS4, SUC2, G418, BLA, or SH 
BLE genes may be used. A multitude of selectable markers are known and 
available for use in yeast, fungi, plant, insect, mammalian and other eukaryotic 
host cells. 

20 

Transformation 

[0302] The nucleic acid library is then transformed into the host organism. In 
yeast, any convenient method of DNA transfer may be used, such as 
electroporation, the lithium chloride method, or the spheroplast method. In 

25 filamentous fungi and plant cells, convmtional methods include particle 

bombardment, electroporation and agrobacteriimi mediated transformation. To 
produce a stable strain suitable for hig|i-density culture (e.g., fermentation in 
yeast), it is desirable to integrate the DNA library constructs into ttie host 
chromosome. Li a preferred embodiment, integration occurs via homologous 

30 recombination, using techniques well-known in the art. For example, DNA library 
elements are provided with flanking sequences homologous to sequences of the 
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host organism. In this manner, integration occurs at a defined site in the host 
genome, without disruption of desirable or essential genes. 
[0303] In an especially prefeired embodiment, library DNA is integrated into the 
site of an undesired gene in a host chromosome, effecting the disruption or deletion 

5 of the gene. For example, integration into the sites of the OCHl, MNNU or MNN4 
genes allows the expression of the desired library DNA while preventing the 
expression of enzymes involved in yeast hypennannosylation of glycoproteins. In 
other embodiments, library DNA may be introduced into the host via a nucleic acid 
molecule, plasmid, vector viral or retroviral vector), chromosome, and may 

10 be introduced as an autonomous nucleic acid molecule or by homologous or 

random integration into the host genome. In any case, it is generally desirable to 
include with each library DNA construct at least one selectable marker gene to 
allow ready selection of host organisms that have been stably transformed. 
Recyclable marker genes such as uraS^ which can be selected for or against, are 

15 especially suitable. 

Screening and Selection Processes 

[0304J After transformation of the host strain with the DNA library, 
transformants displaying a desired glycosylation phenotype are selected. Selection 

20 may be performed in a single step or by a series of phenotypic enrichm^it and/or 
depletion steps usmg any of a variety of assays or detection methods. Phenotypic 
characterization may be carried out manually or using automated high-througlq)ut 
screening equipment. Commonly, a host microorganism displays protein N- 
glycans on the cell surface, where various glycoproteins are localized, 

25 [0305] One may screen for those cells that have the highest concentration of 
terminal GlcNAc on the cell surface, for example, or for those cells which secrete 
the protein with the highest terminal GlcNAc content. Such a screen may be based 
on a visual method, like a staining procedure, the ability to bind specific terminal 
GlcNAc binding antibodies or lectins conjugated to a marker (such lectins are 

30 available firom E.Y. Laboratories Inc., San Mateo, CA), the reduced ability of 
specific lectins to bind to terminal mannose residues, the ability to incorporate a 
radioactively labeled sugar in vitrOy altered binding to dyes or charged surfaces, or 
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may be accomplished by xising a Fluorescence Assisted Cell Sorting (FACS) 

device in conjunction with a fluorophore labeled lectin or antibody (Guillen et aL 

(1998) Proc. Natl Acad. ScC USA 95(14):7888-7892). 

[0306] Accordingly, intact cells may be screened for a desired glycosylation 
5 phenotype by exposing the cells to a lectin or antibody that binds specifically to the 

desired iNT-glycan. A wide variety of oligosaccharide-specific lectms are available 

commercially (e.^,, from BY Laboratories, San Mateo, CA). Alternatively, 
. antibodies to specific human or animal iV-glycans are available commercially or 

may be produced using standard techniques. An appropriate lectin or antibody 
10 may be conjugated to a reporter molecule, such as a chromophore, fluorophore, 

radioisotope, or an enzyme having a chromogenic substrate (Guillen et al, 1998. 

Proc. Natl Acad, Sci. USA 95(14): 7888-7892). 

[0307] Screening may then be performed using analytical methods such as 
spectrophotometry, fluorimetry, fluorescence activated cell sorting, or scintillation 

15 counting. In other cases, it may be necessary to analyze isolated glycoproteins or 
iV-glycans from transformed cells. Protein isolation may be carried out by 
techniques known in the art. In a preferred embodiment, a reporter protein is 
secreted into the medium and purified by affinity chromatography {e.g. Mi-affinity 
or glutathione -S-transferase affinity chromatography). In cases where an isolated 

20 7V-glycan is preferred, an enzyme such as endo-p-7V-acetylglucosaminidase 

(Genzyme Co., Boston, MA; New England Biolabs, Beverly, MA) may be used to 
cleave the iV^glycans from glycoprotems. Isolated proteins or iV-glycans may then 
be analyzed by liquid chromatography (e.g., HPLC), mass spectroscopy, or other 
suitable means. U.S. Patent No. 5,595,900 teaches several methods by which cells 

25 with desired extracellular carbohydrate structures may be identified. In a prefeired 
embodiment, MALDI-TOF mass spectrometry is used to analyze the cleaved N- 
glycans. 

[0308] Prior to selection of a desired transformant, it may be desirable to deplete 
the transformed population of cells having undesired phenotypes. For example, 
30 when the method is used to engineer a fimctional mannosidase activity into cells, 
the desired transformants will have lower levels of mannose in cellular 
glycoprotein. Exposing the transformed popiilation to a lethal radioisotope of 
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maimose in the medium depletes the population of transformants having the 
undesired phenotype, ue., high levels of incorporated mannose (Huffaker and 
Robbms {19S3) Proc Natl Acad Sci USA. 80(24):7466-70). Alternatively, a 
cytotoxic lectin or antibody, directed against an undesirable iV-glycan, may be used 

5 to deplete a transformed population of undesired phenotypes (e.g., Stanley and 
Suninovitch (1977) Somatic Cell Genet 3(4):391-405). U.S. Patent No. 5,595,900 
teaches several methods by which cells with a desired extracellular carbohydrate 
structures may be identified. Repeatedly carrying out this strategy allows for the 
sequential engineering of more and more complex glycans in lower eukaryotes. 

1 0 [0309] To detect host cells having on their surface a high degree of the human- 
like iN^-glycan intermediate GlcNAcMansGlcNAca, for example, one may select for 
transformants that allow for the most efficient transfer of GlcNAc by GlcNAc 
Transferase jfrom UDP-GlcNAc in an in vitro cell assay. This screen may be 
carried out by growing cells harboring the transformed library under selective 

1 5 pressure on an agar plate and transferring individual colonies into a 96-well 
microtiter plate. After growing the cells, the cells are centrifuged, the cells 
resuspended in buffer, and after addition of UDP-GlcNAc and GnTII, the release 
of UDP is determined either by HPLC or an enzyme linked assay for UDP. 
Alternatively, one may use radioactively labeled UDP-GlcNAc and GnTII, wash 

20 the cells and then look for the release of radioactive GlcNAc by 

actylglucosaminidase. All this may be carried manually or automated through the 
xise of high throughput screening equipment. Transformants that release more 
UDP, in the first assay, or more radioactively labeled GlcNAc in the second assay, 
are expected to have a higher degree of GlcNAcMansGlcNAca on tiieir surface and 

25 thus constitute the desired phenotype. Similar assays may be adapted to look at the 
7V-glycans on secreted proteins as well. 

[0310] Alternatively, one may use any other suitable screen such as a lectin 
binding assay that is able to reveal altered glycosylation patterns on the surface of 
transformed cells. In this case the reduced binding of lectins specific to terminal 
30 mannoses may be a suitable selection tool. Galantus nivalis lectin binds 
specifically to terminal a- 1,3 mannose, which is expected to be reduced if 
sufficient mannosidase n activity is present in the Golgi. One may also enrich for 
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desired transformants by canTing out a chromatographic separation step that 
allows for the removal of cells containing a high terminal mannose content. This 
separation step would be carried out with a lectin coliamn that specifically binds 
cells with a high terminal mannose content (e.g., Galantus nivalis lectin bound to 
5 agarose , Sigma, St.Louis, MO) over those that have a low terminal mannose 
content. 

[031 1] addition, one may directly create such fusion protein constructs, as 
additional information on the localization of active carbohydrate modifying 
enzymes in different lower eukaryotic hosts becomes available in the scientific 

10 literature. For example, it is known that human pi,4-GalTr can be fused to the 
membrane domain of MNT^ a maimosyltransferase firom S, cerevisiae, and 
localized to the Golgi apparatus while retaining its catalytic activity (Schwientek et 
al (1995) /, Biol Chem, 270(1 0):5483-9). If 5. cerevisiae or a related organism is 
the host to be engineered one may directly incorporate such findings into the 

15 overall strategy to obtain complex TV^glycans fi'om such a host. Several such gene 
firagments in F. pastoris have been identified that are related to 
glycosyltransferases in S, cerevisiae and thus could be used for that purpose. 

Integration Sites 

20 [0312] As one ultimate goal of this genetic engineering effort is a robust protein 
production strain that is able to perform well in an industrial fermentation process, 
the integration of multiple genes into the host (e.g., fungal) chromosome preferably 
involves careful planning. The engineered strain may likely have to be 
transfonned with a range of different genes, and these genes will have to be 

25 transfonned in a stable fashion to ensure that the desired activity is maintained 
throughout the fermentation process. As described herein, any combination of 
various desired enzyme activities may be engineered into the fungal protein 
expression host, e.g., sialyltransferases, mannosidases, fucosyltransferases, 
galactosyltransferases, glucosyltransferases, GlcNAc transferases, ER and Golgi 

30 specific transporters {e.g. syn and antiport transporters for UDP-galactose and 
other precursors), other enzymes involved in the processing of oligosaccharides, 
and enzymes involved in the synthesis of activated oUgosaccharide precursors such 
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as UDP-galactose, CMP-N-acetylneuraminic acid. Examples of preferred methods 
for modifying glycosylation in a lower eukaryotic host cell, such as Pichia 
pastoris, are shown in Table 6. 



S Table 6. Some preferred embodiments for modifying glycosylation in a 
lower eukaroytic microorganism 



. . Desired 
/ < Structure : 


: * Suitake :^ 
Catalytic . 
;Adtivittes \ • 


Suitable Sources of ^ 
r^ocalizadqn' 

S^gu^es\^i 


Suitable:^ 
Gd^e y > 
DeleHonsy 

. » .^.-,*' -. ■ ■ 


-Suitable 
Transporters' 
^y:.\dhd/or 
Phosphatases.. 


Man5GlcNAc2 


a-1,2- 

mannosidase 
(murine, 
human, 
Bacillus sp., 
A.nidulans ) 


Mnsl (TV-terminus, 

iS. cerevisiae) 

Ochl (iV-terminus, 

u. cerevisiuej 

pastoris) 

Ktrl 

Mnn9 

Mntl (S. cerevisiae) 
KDEL, HDEL 
(C-terminus) 


OCHl 
MNN4 
MNN6 


none 


GlcNAcMan5GlcNAc2 


GlcNAc 
Transferase I, 
(human, 
murine, rat 
etc) 


Ochl (iV-terminus, 
iS. cerevisiae^ P. 
pastoris) 

KTRl (iV-terminus) 
Mnnl (iV-terminus, 
iS. cerevisiae) 
Mntl (A^-terminus, 
S, cerevisiae) 
GDPase 
(iV-terminus, & 
cerevisiae) 


OCHl 
MNN4 
MNN6 


UDP-GlcNAc 
transporter 
(human, murine, 
K. laetis) 
UDPase 
(human) 


GlcNAcManaGlcNAca 


mannosidase 

n 


Ktrl 

Mnnl (iV-terminus, 
iS. cerevisiae) 
Mntl(/V-tcnninus, S. 
cerevisiae) 
Kre2/Mntl (& 
cerevisiae) 
Kre2 {P. pastoris) 
Ktrl {S. cerevisiae) 
Ktrl {P. pastoris) 
Mnnl (5. 
cerevisiae) 


OCHl 
MNN4 
MNN6 


UDP-GlcNAc 
transporter 
(human, nourine, 
K. lactis) 
UDPase 
(human) 


GlcNAc(2^)- 
Man3GlcNAc2 


GlcNAc 
Transferase 

n,iii,iv,v 


Mnnl (iV-terminus, 
5, cerevisiae) 
Mntl (TV-terminus, 


OCHl 
MNN4 
MNN6 


UDP-GlcNAc 
transporter 
(hxunan, murine. 
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(human, 
murine) 


S. cerevisiae) 
Kre2/Mntl (S. 
cerevisiae) 
Kre2 (P. pastoris) 
Ktrl (S. cerevisiae) 
Ktrl (P. pastoris) 
Mnnl(iS. 
cerevisiae) 




K. lactis) 

UDPase 

(human) 


Gal(i^)GlcNAc(2-4)- 
MansGlcNAca 


p-1,4- 

Galactosyl 

(human) 


Mnnl (iV-temrinus, 
S. cerevisiae) 
Mntl W-terminus. S 
cerevisiae) 
Kre2/Mntl (S. 
cerevisiae) 
Kre2 (P. pastoris) 
Ktrl (iS. cerevisiae) 
Ktrl (P, pastoris) 
Mnnl (5. 
cerevisiae) 


OCHl 

MNN4 
MNN6 


UDP-Galactose 
transporter 
(human, 
S,pombe) 


NANA(M)- 

Gal(M)GlcNAC(2^)- 

Man3GlcNAc2 


a-2,6- 

Sialyltransfer 
ase (human) 
a-2,3- 

Sialyltransfer 
ase 


KTRl 

MNNl (A^-terminus, 
S, cerevisiae) 
MNTl (A^-terminus, 
iS. cerevisiae) 
Kre2/Mntl (5. 
cerevisiae) 
Kre2 (P. pastoris) 
Ktrl (S. cerevisiae) 
Ktrl (P. pastoris) 

cerevisiae) 


OCHl 
MNN4 
MNN6 


CMP-Sialic acid 

transporter 

(human) 



[0313] As any strategy to engineer the formation of complex iV-glycans into a 
host cell such as a lower eukaryote involves both the elimination as well as the 
addition of particular glycosyltransferase activities, a comprehensive scheme will 

5 attempt to coordinate both requirements. Genes that encode enzymes that are 
undesirable serve as potential integration sites for genes that are desirable. For 
example, 1,6 mannosyltransferase activity is a halhnark of glycosylation in many 
known lower eukaryotes. The gene encoding alpha- 1,6 mannosyltransferase 
{OCHl) has been cloned from S. cerevisiae and mutations in the gene give rise to a 

1 0 viable phenotype with reduced mannosylation. The gene locus encoding alpha- 1 ,6 
mannosyltransferase activity therefore is a prime target for the integration of genes 
encoding glycosyltransferase activity. In a similar manner, one can choose a range 
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of other chromosomal integration sites that, based on a gene disruption event in 
that locus, are expected to: (1) unprove the cells ability to glycosylate in a more 
human-like fashion, (2) improve the cells ability to secrete proteins, (3) reduce 
proteolysis of foreign proteins and (4) improve other characteristics of ttie process 
S that facilitate purification or the ferm^tation process itself. 

Target Glycoproteins 

[0314] The methods described herein are useful for producing glycoproteins, 
especially glycoproteins used therapeutically in humans. Glycoproteins having 

10 specific glycoforms may be especially useful, for example, in the targeting of 

therapeutic proteins. For example, mannose-6-phosphate has been shown to direct 
proteins to the lysosome, which may be essential for the proper function of several 
enzymes related to lysosomal storage disorders such as Gaucher's, Hunter's, 
Hurler's, Scheie's, Fabry's and Tay-Sachs disease, to mention just a few. 

1 S Likewise^ the addition of one or more sialic acid residues to a glycan side chain 
may increase the lifetime of a therapeutic glycoprotein in vivo after administration. 
Accordingly, host cells lower eukaryotic or mammalian) may be genetically 
engineered to increase the extent of temiinal sialic acid in glycoproteins expressed 
in the cells. Altematively, sialic acid may be conjugated to the protein of interest 

20 in vitro prior to administration using a siahc acid transferase and an appropriate 
substrate. Changes in growth medium composition may be employed in addition 
to the expression of enzyme activities mvolved in human-like glycosylation to 
produce glycoproteins more closely resembling human forms (Weikert et al. 
(1999) Nature Biotechnology 17, 11 16-1 121; Werner et al (1998) 

25 ArzneimiUelforschung 48(8):870-880; Andersen and Goochee (1994) Cur. Opin, 
BiotechnoL 5:546-549; Yang and Butter (2000) BiotechnolBioengin, 68(4):370- 
380). Specific glycan modifications to monoclonal antibodies (e.g, the addition of 
a bisecting GlcNAc) have been shown to improve antibody dependent cell 
cytotoxicity (Umana et al (1999) Nat Biotechnol 17(2): 176-80), which may be 

30 desirable for the production of antibodies or other therapeutic proteins, 

[0315] Therapeutic proteins are typically administered by injection, orally, 
pulmonary, or otiier means. Examples of suitable target glycoproteins which may 
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be produced according to the invention include, without limitation: erythropoietin, 
cytokines such as interferon-a, interferon-p, interferon-y, interferon-co, and 
granulocyte-CSF, coagulation factors such as factor Vin, factor DC, and human 
protein C, soluble IgE receptor a-chain, IgG, IgG fragments, IgM, interleukins, 

5 urokinase, chymase, and urea trypsm inhibitor, IGF-binding protem, epidermal 
growth factor, growth hormone-releasing factor, annexin V fusion protein, 
angiostatin, vascular endothelial growth factor-2, myeloid progenitor inhibitory 
factor-1, osteoprotegerin, a-l antitrypsin, DNase H, ot- feto proteins, AAT, rhTBP- 
1 (onercept, aka TNF Binding protein 1), TACI-Ig (transmembrane activator and 

10 calcium modulator and cyclophilin ligand mteractor), FSH (follicle stimulating 
hormone), GM-CSF, GLP-1 w/ and w/o FC (glucagon like protein 1) IL-1 receptor 
agonist, sTNFr (enbrel, aka soluble TNF receptor Fc fusion) ATm, rhThrombin, 
glucocerebrosidase and CTLA4-Ig (Cytotoxic T Lymphocyte associated Antigen 4 
-Ig). 

15 

Expression Of GnT-m To Boost Antibody Functionality 

[03161 The addition of AT-acetylglucosamine residues to the 
GlcNAcManaGlcNAca structure by 7V-acetylglucosaminyltransferases 11 and III 
yields a so-called bisected AT-glycan GlcNAcsMansGlcNAci (Figure 15). This 

20 structure has been unplicated in greater antibody-dependent cellular cytotoxicity 
(ADCC) (Umana et al (1999) Nat Biotechnol 17(2): 176-80). Re-engineering 
glycoforms of immunoglobulins expressed by manunalian cells is a tedious and 
cumbersome task. Especially in the case of GnTin, where over-expression of this 
enzyme has been implicated in growth inhibition, methods involving regulated 

25 (inducible) gene expression had to be employed to, produce immxmoglobulins with 
bisected AT-glycans (Umana et al. (1999) Biotechnol Bioeng. 65(5):542-9; Umana 
et al (1999) Nat, Biotechnol 17(2): 176-80); Umana et al WO 03/011878; U.S. 
Patent No. 6,602,684. 

[0317] Accordingly, in another embodiment, the invention provides systems and 
30 methods for producing human-like i\r-glycans having bisecting N- 

acetylglucosamine (GlcNAc) on a trimannose or pentamannose core structure. In a 
preferred embodiment, the invention provides a system and method for producing 



108 



wo 2004/074461 



PCT/US2004/005191 



imnnmoglobulins having bisected iV-glycans. The systems and methods described 
herein will not suffer from previous problems, e,g,, cytotoxicity associated with 
overexpression of GnTin or ADCC, as the host cells of the invention are 
engineered and selected to be viable and preferably robust cells which produce AT- 
5 glycans having substantially modified human-type glycoforms such as 

GlcNAc2Man3GlcNAc2. Thus, addition of a bisecting i\r-acetylglucosamine in a 
host cell of the invention will have a negligible effect on the growth-phenotype or 
viability of those host cells. 

[0318] In addition, work by others has shown that there is no linear correlation 
1 0 between GnTin expression levels and the degree of ADCC. Umana et ah (1999) 
Nature Biotechnol 17:176-80. Thus, finding the optimal expression level in 
mammalian cells and maintaining it throughout an FDA approved fennentation 
process seems to be a challenge. However, in cells of the invention, such as fungal 
cells, fmding a promoter of appropriate strength to establish a robust, reliable and 
15 optimal GnTDI expression level is a comparatively easy task for one of skill in the 
art, 

[0319] A host cell such as a yeast strain capable of producing glycoproteins with 
bisecting TST-glycans is engineered according to the invention, by introducing into 
the host cell a GnTIII activity (Example 12). Preferably, the host cell is 

20 transformed with a nucleic acid that encodes GnTin {see, e,g.. Figure 24) or a 
domain thereof having enzymatic activity, optionally fused to a heterologous cell 
signal targeting peptide (e.g., using the libraries and associated methods of the 
invention.) Host cells engineered to express GnTIII will produce higher antibody 
titers than mammalian cells are capable of. They will also produce antibodies with 

25 higher potency with respect to ADCC. 

[0320] Antibodies produced by mammalian ceil lines transfected with GnTm 
have been shown to be as effective as antibodies produced by non-transfected cell- 
lines, but at a 10-20 fold lower concentration (Davies et al. (2001) Biotechnol, 
Bioeng. 74(4):288-94). An increase of productivity of the production vehicle of 

30 the invention over manunalian systems by a factor of twenty, and a ten-fold 

increase of potency will result in a net-productivity improvement of two hundred. 
The invention thus provides a system and method for producing high titers of an 
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antibody having high potency (e.g., up to several orders of magnitude more potent 
than what can currently be produced). The system and method is safe and provides 
high potency antibodies at low cost in short periods of time. Host cells engineered 
to express GnTm according to the invention produce immunoglobulins having 
5 bisected JST-glycans at rates of at least 50 mg/liter/day to at least 500 mg/liter/day. 
In addition, each immunoglobulin (Ig) molecule (comprising bisecting GlcNAcs) 
is more potent than the same Ig molecule produced witiiout bisecting GlcNAcs, 

Production of Multiantennary Structures For Improved Glycoprotein 
10 Functionality 

[0321] Synthesis of tetraantennary structures has been found to be important for 
in vivo biological activity of a variety of proteins such as EPO and ai-acid 
glycoproteins. Takeuchi et al., Proc Natl Acad Sci USA. 1989 Oct;86(20):7819- 
22; Boris et al, Inflammation (1990) 14, 315-323. Pharmacokinetics studies have 

1 5 shown that the bulky structure of the tetraantennary branching prevents EPO from 
filtering out into the urine. Modification of proteins, for example, with chemical 
conjugates (e.g., polyethylene glycol), has been devised to retard the clearance of 
potentially therapeutic glycoproteins. Accordingly, in one embodiment, the 
present invention provides methods to synthesize glycoproteins comprising 

20 multiple anteimary structures in lower eukaryotes {P.pastoris) that have better in 
vzv<9 biological activity and are less rapidly cleared than the same glycoprotein 
having reduced antennarity. In essence, the glycoproteins produced according to 
ttie methods of the present invention (see also WO 02/00879 and WO 03/056914 
incorporated herein by reference) have improved therapeutic efiBcacy. 

25 [0322] The following are examples which illustrate various aspects of the 

invention. These examples should not be construed as lindting: the examples are 
included for the purposes of illustration only. 
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EXAMPLE 1 

Cloning and Disruption of the OCHl gene in P.pastoHs 
Generation of an OCHl mutant of P, pastoris: 

[03231 A 1215 bp ORF of the P, pastoris OCHl gene encoding a putative c^l,6 
5 mannosyltransferase was amplified from P. pastoris genomic DNA (strain X-33, 
Invitrogra, Carlsbad, CA) using the oligonucleotides 5'- 
ATGGCGAAGGCAGATGGCAGT-3' (SEQ ID N0:3) and 5'- 
TTAGTCCTTCCAACTTCCTTC-3' (SEQ ID N0:4) which were designed based 
on the P. pastoris OCHl sequence (Japanese Patent Application Publication No. 8- 
10 336387). Subsequently, 2685 bp upstream and 1 175 bp downstream of the ORF of 
the OCHl gene were amplified from a P. pastoris genomic DNA library (Boehm, 
T. et al (1999) Yeast 15(7):563-72) using the intemal oUgonucleotides 5'- 
ACTGCCATCTGCCTTCGCCAT-3' (SEQ ID NO:47) in the OCHl gene, and 5'- 
GTAATACGACTCACTATAGGGC-3' T7 (SEQ ID NO:48) and 5'- 
15 AATTAACCCTCACTAAAGGG-3' T3 (SEQ ID NO:49) oligonucleotides in the 
backbone of the library bearing plasmid lambda ZAP n (Stratagene, La JoUa, CA). 
The resulting 5075 bp fragment was cloned into the pCR2.1-T0P0 vector 
(Invitrogen, Carlsbad, CA) and designated pBK9. 

[0324] After assonbling a gene knockout construct that substituted the OCHl 
20 reading frame with a HIS4 resistance gene, P. pastoris was transformed and 

colonies were screened for temperature sensitivity at 37°C. OCHl mutants of iS. 

cerevisiae are temperature sensitive and are slow growers at elevated temperatures. 

One can thus identify functional homologs of OCHl in P. pastoris by 

complementing an OCHl mutant of 5. cerevisiae with a P. pastoris DNA or cDNA 
25 library. About 20 temperature sensitive strains were further subjected to a colony 

PCR screen to identify colonies with a deleted ochl gene. Several ochl deletions 

were obtained. 

[0325] The linearized pBK9.1, which has 2.1 kb upstream sequence and 1.5 kb 
downstream sequence of OCHl gene cassette carrying Pichia HIS4 gene, was 
30 transformed into P. pastoris BKl [GSl 15 {his4 Invitrogen Corp., San Diego, CA) 
carrying the hiunan IFN-P gene in the AOXl locus] to knock out the wild-type 
OCHl gene. The initial screening of transformants was performed using histidine 
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drop-out medium followed by replica plating to select the temperature sensitive 
colonies. Twenty out of two hundred histidine-positive colonies showed a 
temperature sensitive phenotype at 37^C. To exclude random integration of 
pBK9.1 into the Pichia genome, the 20 temperature-sensitive isolates were 

5 subjected to colony PGR using primers specific to the upstream sequence of the 
integration site and to HIS4 ORF. Two out of twenty colonies were ochl defective 
and further analyzed using a Southem blot and a Western blot indicating the 
functional ochl disruption by the ochl knock-out construct. Genomic DNA were 
digested using two separate restriction enzymes BgUI and Clcd to confirm the ochl 

10 knock-out and to confirm integration at the open reading frame. The Western Blot 
showed ochl mutants lacking a discrete band produced in the GS 1 1 S wild type at 
46.2 kDa. 

EXAMPLE 2 

IS Engineering of P. pastom with 0Hl,2-Mannosidase to Produce MansGlcNAcz - 

Containing IFN-jS Precursors 

[0326] An a-l,2-mannosidase is required for the trinmiing of Man8GlcNAc2 to 
yield MansGlcNAca, an essential intermediate for complex J\^glycan formation. 
While the production of a MansGlcNAca precursor is essential, it is not necessarily 

20 sufficient for the production of hybrid and complex glycans because the specific 
isomer of Man5GlcNAc2 may or may not be a substrate for GnTI. An ochl mutant 
of P, pastoris is engineered to express secreted human interferon-P under the 
control of an aox promoter. A DNA library is constructed by the in-frame ligation 
of the catalytic domain of human mannosidase IB (an a-l,2-mannosidase) with a 

25 sub-library including sequences encoding early Golgi and ER localization peptides. 
The DNA library is then transformed into the host organism, resulting in a 
genetically mixed population wherein individual transformants each express 
interferon-P as well as a synthetic mannosidase gene from the library. Individual 
transformant colonies are cultured and the production of interferon is induced by 

30 addition of methanol. Under these conditions, over 90% of the secreted protein is 
glycosylated interferon-p. 
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[0327] Supematants are purified to remove salts and low-molecular weight 
contaminants by Cis silica reversed-phase chromatography. Desired transformants 
expressing appropriately targeted, active a-l,2-mannosidase produce interferon-p 
includmg JNT-glycans of the structure MansGlcNAc2, which has a reduced molecular 
S mass compared to the interferon-P of the parent strain. The purified interferon-^ is 
analyzed by MALDI-TOF mass spectroscopy and colonies expressing Ihe desired 
form of interferon-p are identified. 

EXAMPLE 3 

10 Generation of an ochl Mutant Strain Expressing an c^l,2-Mannosidase, GnTI 
and GdIU for Production of a Human-Like Glycoprotein. 

[0328] The 1215 bp open reading fi'ame of the P. pastoris OCHl gene as well as 
2685 bp upstream and 1 175 bp downstream was amplified by PGR {see also WO 
02/00879), cloned into the pCR2.1-T0P0 vector (hivitrogen) and designated 

15 pBK9. To create an ochl knockout strain containing multiple auxotrophic 

markers, 100 |ag of pJN329, a plasmid containing an ochl::URA2 mutant allele 
flanked with Sfil restriction sites was digested with Sfil and used to transform P. 
pastoris strain JC308 (Cereghino et al (2001) Gene 263:1 59-169) by 
electroporation. Following incubation on defined medium lacking uracil for 10 

20 days at room temperature, 1000 colonies were picked and re-streaked. URA^ 
clones that were unable to grow at 37®C, but grew at room temperature, were 
subjected to colony PGR to test for tiie correct integration of the ochl::URA3 
mutant allele. One clone that exhibited the expected PGR pattern was designated 
YJN153. The Kringle 3 domain of human plasminogen (K3) was used as a model 

25 protein. A Neo^ marked plasmid containing the K3 gene was transformed into 
strain YJN153 and a resulting strain, expressing K3, was named BK64-1. 
[0329] Plasn:iid pPBl 03, containing the Kluyveromyces lactis MNN2-2 gene 
which encodes a Golgi UDP-N-acetylglucosamine transporter was constructed by 
cloning a blunt BglH-HindUl firagment fi-om vector pDL02 (Abeijon et al. (1996) 

30 Proc. Natl Acad. Set U.S.A. 93:5963-5968) into BglR and 5flmHI digested and 
blunt ended pBLADE-SX containing the P. pastoris ADEl gene (Cereghino et al. 
(2001) Gene 263:159-169). This plasmid was linearized with EcoM and 
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transformed into strain BK64-1 by electroporation and one strain confirmed to 
contain the MNN2'2 by PGR analysis was named PBPl, 
[0330] A library of mannosidase constructs was generated, comprising in-frame 
fusions of the leader domains of several type I or type n membrane proteins from 

5 S. cerevisiae and P. pastoris fiised with the catalytic domains of several a-1,2- 
mannosidase genes from human, mouse, fly, worm and yeast sources {see, e.g., 
WO02/00879, incorporated herem by reference). This library was created in a P. 
pastoris HIS4 integration vector and screened by linearizing with Sall^ 
transforming by electroporation into strain PBPl, and analyzing the glycans 

10 released from the KB reporter protein. One active construct chosen was a chimera 
of the 988-1296 nucleotides (C-terminus) of the yeast SEC 12 gene ftised with a N- 
terminal deletion of the mouse a-l,2-mannosidase lA gene (Figure 3), which was 
missing the 1 87 nucleotides. A P. pastoris strain expressing this construct was 
named PBP2. 

1 5 [0331] A library of GnTI constructs was generated, comprising in-frame fusions 
of the same leader library with the catalytic domains of GnTI genes from human, 
worm, frog and fly sources (WO 02/00879), This library was created in a P. 
pastoris ARG4 integration vector and screened by linearizing with AatH, 
transforming by electroporation into strain PBP2, and analyzing the glycans 

20 released from K3. One active construct chosen was a chimera of the first 120 bp of 
the S, cerevisiae MNN9 gene fiised to a deletion of the human GnTI gene, which 
was missing the first 154 bp. A P. pastoris strain expressing this construct was 
named PBP-3. (iSee a&o Figure 36.) 

[0332] A library of GnTII constructs was g^erated, which comprised in-frame 
25 fiisions of the leader library with the catalytic domains of GnTII genes bom human 
and rat sources (WO 02/00879), This library was created in a P. pastoris 
integration vector containing the NSI^ gene conferring resistance to the drug 
nourseothricin. The library plasmids were linearized with EcoRl, transformed into 
strain RDP27 by electroporation, and the resulting strains were screened by 
30 analysis of the released glycans from purified K3. 
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Materials for the Following Reactions 

[0333] MOPS, sodium cacodylate, manganese chloride, UDP-galactose and 
CMP-N-acetylneuraminic acid were from Sigma. Trifluoroacetic acid (TFA) was 
from Sigma/Aldrich, Saint Louis, MO. Recombinant rat a2,6-sialyltransferase 
5 from Spodoptera frugiperda and p 1 ,4-galactosyltransferase from bovine milk were 
from Calbiochem (San Diego, OA). Protein N-glycosidase F, mannosidases, and 
oligosaccharides were from Glyko (San Rafael, CA). DEAE ToyoPearl resin was 
from TosoHaas. Metal chelating '*HisBind*' resin was from Novagen (Madison, 
WI). 96-well lysate-clearing plates were from Promega (Madison, WI). Protein- 
ic binding 96-well plates were from Millipore (Bedford, MA). Salts and buffering 
agents were from Sigma (St. Louis, MO). MALDI matrices were from Aldrich 
(Milwaukee, WI). 

Protein Purification 

1 5 [0334] Kringle 3 was purified using a 96-weU format on a Beckman BioMek 
2000 sample-handling robot (Beckman/Coulter Ranch Cucamonga, CA). Kringle 
3 was purified fix>m expression media using a C-terminal hexa-histidine tag. The 
robotic purification's an adaptation of the protocol provided by Novagen for their 
HisBind resin. Briefly, a 150uL (jiiL) settled volume of resin is poured into the 

20 wells of a 96-well lysate-binding plate, washed with 3 volumes of water and 

charged with 5 volumes of 50mM NiS04 and washed with 3 volumes of binding 
buffer (5mM imidazole, 0.5M NaCl, 20mM Tris-HCL pH7,9). The protein 
expression media is diluted 3:2, media/PBS (60mM P04, 16mM KCl, 822mM 
NaCl pH7.4) and loaded onto the colunms. After draining, the columns are 

25 washed with 10 volumes of binding buffer and 6 volumes of wash buffer (30mM 
imidazole, 0.5M NaCl, 20mM Tris-HCl pH7.9) and the protein is eluted with 6 
volumes of elution buffer (IM imidazole, 0.5M NaCl, 20mM Tris-HCl pH7.9). 
The eluted glycoproteins are evaporated to dryness by lyophilyzation. 

30 Release of N-linked Glycans 

[0335] The glycans are released and separated from the glycoproteins by a 
modification of a previously reported method (Papac, et al A. J. S. (1998) 



115 



wo 2004/074461 



PCT/US2004/005191 



Glycobiology 8, 445-454). The wells of a 96-well MultiScreen IP (Immobilon-P 
membrane) plate (Millipore) are wetted with lOOuL of methanol, washed with 
3X150uL of water and 50uL of RCM buffer (8M urea, 360mM Tris, 3.2mM 
EDTA pH8.6), draining with gentle vacuum after each addition. The dried protein 
S samples are dissolved in SOuL of RCM buffer and transferred to the wells 
containing lOuL of RCM buffer. The wells are drained and washed twice with 
RCM buffer. The proteins are reduced by addition of 60uL of O.IM DTT in RCM 
buffer for Ihr at 37®C. The wells are washed three times with 300uL of water and 
carboxymethylated by addition of 60uL of O.IM iodoacetic acid for 30min in the 

10 dark at room t^perature. The wells are again washed three times with water and 
the membranes blocked by the addition of lOOuL of 1% EVP 360 in water for Ihr 
at.room temperature. The wells are drained and washed three times with 300uL of 
water and deglycosylated by the addition of 30uL of lOmM NH4HCO3 pH 8.3 
containing one milliunit of A^glycanase (Glyko). After 16 hours at 37°C, the 

15 solution containing the glycans was removed by centrifugation and evaporated to 
dryness. 

Matris Assisted Laser Besorption Ionization Time of Flight Mass 
Spectrometry 

20 [0336] Molecular weights of the glycans were determined using a Voyager DE 
PRO linear MALDI-TOF (Applied Biosciences) mass spectrometer using delayed 
extraction. The dried glycans from each well were dissolved in 15uL of water and 
O.SuL spotted on stainless steel sample plates and mixed with 0.5uL of S-DHB 
matrix (9mg/mL of dihydroxybenzoic acid, Img^mL of 5-methoxysaUcilic acid in 

25 1:1 water/acetonitrile 0. 1 % TFA) and allowed to dry. 

[0337] Ions were generated by irradiation with a pulsed nitrogen laser (337nm) 
with a 4ns pulse time. The instrument was operated in the delayed extraction mode 
with a 125ns delay and an accelerating voltage of 20kV, The grid voltage was 
93.00%, guide wire voltage was 0.10%, the internal pressure was less than 5 X 10- 

30 7 torr, and the low mass gate was 875Da. Spectra were generated from the sum of 
100-200 laser pulses and acquired with a 2 GHz digitizer. Man5GlcNAc2 
ohgosaccharide was used as an external molecular weight standard. All spectra 
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were generated with the instrument in the positive ion mode. The estimated mass 
accuracy of the spectra was 0.5%. 

[0338] The mass of the iV-glycans eluted from the colunm is generally associated 
with a positive ion adduct, which increases the mass by the molecular weight of the 
5 positive ion. The most common adducts are hT, Na^ and K^. 

EXAMPLE 4 

Engineering of P. pastoris to Produce Man5GlcNAc2 as the Predominant A'^ 
Glycan Structure Using a Combinatorial DNA Library, 

10 [0339] An ochl mutant of P. pastoris {see Examples 1 and 3) was engineered to 
express and secrete proteins such as the kringle 3 domain of human plasminogen 
(K3) under the control of the inducible promoter. The Kringle 3 domain of 
hiunan plasminogen (K3) was used as a model protein. A DNA fragment encoding 
the K3 was amplified using Pfu turbo polymerase (Strategene, La Jolla, C A) and 

15 cloned into EcoRI and Xbal sites of pPICZoiA (Invitrogen, Carlsbad, CA), resulting 
in a C-temiinal 6- His tag. In order to improve the iV-linked glycosylation 
efficiency of K3 (Hayes et al 1975 J. Arch Biochem. Biophys. 171, 651-655), 
Pro46 was replaced with Ser46 using site-directed mutagenesis. The resulting 
plasmid was designated pBK64. The correct sequence of the PGR construct was 

20 confirmed by DNA sequencing. 

[0340] A combinatorial DNA library was constructed by the in-frame ligation of 
murine a-l,2-maimosidase IB (Genbank AN 6678787) and lA (GenbanJc AN 
6754619) catalytic domains with a sub-library including sequences encoding Cop 
n vesicle, ER, and early Golgi localization pqjtides according to Table 6. The 

25 combined DNA library was used to generate individual fusion constracts, which 
were then transformed into the K3 expressing host organism, resulting in a 
genetically mixed population wherein individual transformants each express K3 as 
well as a localization signal/mannosidase fusion gene from the library. Individual 
transformants were cultured and the production of K3 was induced by transfer to a 

30 methanol containing medium. Under these conditions, after 24 hours of induction, 
over 90% of the protein in the medium was K3 . The K3 reporter protein was 
piuified from the supematant to remove salts and low-molecular weight 
contaminants by Ni-affinity chromatography. Following affinity purification, the 
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protein was desalted by size exclusion chromatography on a Sephadex GIO resin 
(Sigma, St. Louis, MO) and either directly subjected to MALDI-TOF analysis 
described below or the iV-glycans were removed by PNGase digestion as described 
below (Release of A^'-glycans) and subjected to MALDI-TOF analysis Miele et al 

5 (1997) Biotechnol Appl Biochem. 25:151-157. 

[0341] Following this approach, a diverse set of transformants were obtained; 
some showed no modification of the JV-glycans compared to the ochl knockout 
strain; and others showed a high degree of mannose trimming (Figures 5D and 
5E). Desired transformants expressing appropriately targeted, active a-1,2- 

1 0 mannosidase produced K3 with A^-glycans of the structure Man5GlcNAc2. This 
confers a reduced molecular mass to the glycoprotein compared to the K3 of the 
parent ochl deletion strain, a difference which was readily detected by MALDI- 
TOF mass spectrometry (Figure 5). Table 7 indicates the relative MansGlcNAca 
production levels. 

15 



Table 7. A representative combinatorial DNA library of localization 
sequences/catalytic domains exhibiting relative levels of Man5GlcNAc2 
production. 







Targeting peptide sequences 






MNSlis) 


MNSl{m) 


MNS1{\) 


SEC12(s) 


SECI2(m) 


c Domains 


Mouse mannosidase 
1AA187 


FB4 
++ 


FB5 

+ 


FB6 


FB7 
H-+ 


FB8 
-H-H- 


Mouse mannosidase 
IB ASS 


GB4 
++ 


GB5 
+ 


GB6 


GB7 
++ 


GB8 

+ 


?. 
1 


Mouse mannosidase 
1BA99 


GC4 


GC5 
+++ 


GC6 
+ 


GC7 
+ 


GC8 
+ 


U 


Mouse mannosidase 
1BA170 


GD4 


GD5 


GD6 


GD7 
+ 


GD8 
+ 
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Table 8. Another combinatorial DNA library of localization 
sequences/catalytic domains exhibiting relative levels of MansGlcNAcz 
production. 





Targeting peptide sequences 


Catalytic Domains 




VANHs) 


VANl{m) 


VANHl) 


MNN10(8) 


MNN10(m) 


MNNIOQ) 


C. elegans 

mannosidase 

1BA80 


BC18-5 


BC19 


BC20 
+++ 


BC27 
II 11 1 


BC28 

Mill 


BC29 
+++ 


Mill 


++++ 






C. elegans 
mannosidase 

IB A31 


BB18 


BB19 


BB20 


BB18 


BB19 


BB20 


1 11 1 1 


Mill 


++++ 


Mill 


1 1 Ml- 


++++ 



5 

[0342] Targeting peptides were selected from AiNS I (SwissProt P32906) in iS. 
cerevisiae (long, medium and short) (see supra Nucleic Acid Libraries; 
Combinatorial DNA Library of Fusion Constructs) and SEC12 (SwissProt PI 1655) 
in 5. cerevisiae (988-1140 nucleotides: short) and (988-1296: medium). Although 



10 majority of the targeting peptide sequences were iV-terminal deletions, some 

targeting peptide sequences, such as SEC12 were C-terminal deletions. Catalytic 
domains used in this experiment were selected from mouse mannosidase 1 A with a 
187 amino acid //-terminal deletion; and mouse mannosidase IB with a 58, 99 and 
170 amino acid deletion. The number of (+)s, as used herein, indicates the relative 

15 levels of Man5GlcNAc2 production. The notation (-) indicates no apparent 

production of Man5GlcNAc2. The notation (+) indicates less than 10% production 
of Man5GlcNAc2. The notation (++) indicates about 10-20% production of 
Man5GlcNAc2. The notation with (+++) indicates about 20-40% production of 
Man5GlcNAc2. The notation with (MM ) indicates about 50% production of 

20 Man5GlcNAc2. The notation with (+++++) indicates greater than 50% production 
of MansGlcN Ac2. 

[0343] Table 9 shows relative amount of MansGlcNAca on secreted K3. Six 
hundred and eight (608) different strains of P. pastoris, Aochl were generated by 
transfomiing them with a single construct of a combinatorial genetic library that 
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was generated by fusing nineteen (19) a- 1,2 mannosidase catalytic domains to 
thirty-two (32) fungal ER, and cis-Golgi leaders. 



Table 9 



Amount of MansGlcNAci on secreted K3 
(% of total glycans) 


Number of constructs (%) 


N.D.' 


19(3.1) 


0-10% 


341 (56.1) 


10-20% 


50 (8.2) 


20-40& 


75 (12.3) 


40-60% 


72(11.8) 


More than 60% 


51 (8.4) T 


Total 


608 (100) 



5 



* Several fusion constructs were not tested because the corresponding plasmids could not be 
propagated in Kcoli prior to transformation into P. pastoris, 

^ Clones with the highest degree of Man5GlcNAc2 trimming (30/5 1) were further analyzed for 
mannosidase activity in the supernatant of the medium. The majority (28/30) displayed detectable 
10 mannosidase activity in the supernatant (e.g. Figure 4B). Only two constructs displayed high 
Man5GlcNAc2 levels, while lackmg mannosidase activity in the medium {e.g. Figure 4C). 

[0344] Table 7 shows two constructs pFB8 and pGCS, among others, displaying 
MansGlcNAca. Table 8 shows a more preferred construct, pBC18-S, a S, 

15 cerevisiae VANl{s) targeting peptide sequence (from Sv\assProt 23642) ligated in- 
flame to a C elegans mannosidase IB (Genbank AN CAA981 14) 80 amino acid 
TV-tenninal deletion {Saccharomyces Vanl(s)/ C.elegans mannosidase IB A80). 
This fusion construct also produces a predominant MansGlcNAca structure, as 
shovra in Figure 5E. This construct was shown to produce greater than 50% 

20 MansGlcNAca ( MM l ). 



Generation of a combinatorial localization/mannosidase library: 

[0345] Generating a combinatorial DNA library of a- 1 ,2-maimosidase catalytic 
domains fused to targeting peptides required the amplification of mannosidase 
25 domains with varying lengths of iV^terminal deletions from a number of organisms. 
To approach this goal, the full length open reading frames (ORFs) of a-1,2- 
mannosidases were PGR amplified from either cDNA or genomic DNA obtained 
from the following sources: Homo sapiens, Mus musculus, Drosophila 
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melanogaster, Caenorhabditis elegans, Aspergillus nidulans and Penicillium 
citrinum. In each case, DNA was incubated in the presence of oUgonucleotide 
primers specific for the desired mannosidase sequence in addition to reagents 
required to perform the PGR reaction, For example, to amplify the ORF of the M 
5 musculus a-l,2-mannosidase lA, the 5*-primer 

ATGCCCGTGGGGGGCCTGTTGCCGCTCTTCAGTAGC (SEQ ID NO:52) and 
the 3 '-primer 

TCATTTCTCnTTGCCATCAATTTCCTTCTTCrGTO (SEQ ID NO:53) 
were incubated in the presence of Pfu DNA polymerase (Stratagene, La JoUa, CA) 

10 and amplified under the conditions recommended by Stratagene using the cycling 
parameters: 94°C for Imin (1 cycle); 94*^0 for 30 sec, 68^*0 for 30 sec, 72*^0 for 
3min (30 cycles). Following amplification the DNA sequence encoding the ORF 
was incubated at 72 °C for 5 min with lU Taq DNA polymerase (Promega, 
Madison, WI) prior to ligation into pCR2.1-T0P0 (Invitrogen, Carlsbad, CA) and 

15 transformed into TOPIO chemically competent E, coli, as recommended by 
Invitrogen. The cloned PGR product was confirmed by ABI sequencmg using 
primers specific for the mannosidase ORF. 

[0346] To generate the desired N-terminal truncations of each mannosidase, the 
complete ORF of each mannosidase was used as the template in a subsequent 

20 round of PGR reactions wherein the annealing position of the 5 '-primer was 
specific to the S'-terminus of the desired truncation and the 3'-primer remained 
specific for the original 3 '-terminus of the ORF. To facilitate subcloning of the 
truncated mannosidase fi'agment into the yeast expression vector, pJN347 (Figure 
2C) Asd and Pac/ restriction sites were engineered onto each truncation product, 

25 at the 5'- and 3 '-termini respectively. The number and position of the iV-terminal 
truncations generated for each mannosidase ORF depended on the position of the 
transmembrane (TM) region in relation to the catalytic domain (CD). For instance, 
if the stem region located between the TM and CD was less than 150bp, then only 
one truncation for that protein was generated. If, however, the stem region was 

30 longer than 1 SObp then either one or two more truncations were generated 
deproding on the length of the stem region. 
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, [0347] An example of how truncations for the M musculus mannosidase lA 
(Genbank AN 6678787) were generated is described herein, with a similar 
approach being used for the other mannosidases. Figure 3 illustrates the ORF of 
theM. musculus c^l,2-maimosidase lA with the predicted transmembrane and 
S catalytic domains being highlighted in bold. Based on this structure, three S 

primers were designed (annealing positions underlined in Figure 3) to generate the 
A65-, A105- and A187-N-tenninal deletions. Using the A65 N-terminal deletion as 
an example the S'-primer used was 5'- 

GGCGCGCCGACTCCTCCAAGCTGCTCAGCGGGGTCCTGTTCCAC-3' 
1 0 (SEQ ID NO:54) (with the AscI restriction site highlighted in bold) in conjunction 
with the 3'-primer 5'- 
CCITAATTAATCATTTCTCTTTGC 

3' (SEQ ID NO:55) (with the Pac/ restriction site highlighted in bold). Both of 
these primers were used to ampUfy a 1561 bp fragment under the conditions 

15 outlined above for ampHfying the full length M musculus mannosidase 1 A ORF. 
Furthermore, like the product obtained for the full length ORF, the truncated 
product was also incubated with Taq DNA polymerase, ligated into pCR2.1-TOPO 
(Invitrogen, Carlsbad, CA), transformed into TOP 10 and ABI sequenced. After 
having amplified and confirmed the sequence of the truncated mannosidase 

20 firagment, the resulting plasmid, pCR2. l-A65mMannIA, was digested with AscI 
and Paclm New England Biolabs buffer #4 (Beverly, MA) for 16h at 37''C. In 
parallel, the pJN347 (Figure 2C) was digested with the same enzymes and 
incubated as described above. Post-digestion, both the pJN347 (Figure 2C) back- 
bone and the truncated catalytic domain were gel extracted and ligated using the 

25 Quick Ligation Kit (New England Biolabs, Beverly, MA), as recommended by the 
manufacture, and transformed into chemically competent DHSa cells 
(Invitrogen, Carlsbad, CA). Colony PCR was used to confirm the generation of 
the pJN347-mouse Mannosidase IAA65 construct. 

[0348] Having generated a library of truncated ot-1 ,2-mannosidase catalytic 
30 domains in the yeast expression vector pJN347 (Figure 2C) the remaining step in 
generating the targeting peptide/catalytic domain library was to clone in-fi-ame the 
targeting peptide sequences (Figure 2). Both the pJN347-mannosidase constructs 
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(Figure 2D) and the pCR2.1T0P0-targeting peptide constructs (Figure 2B) such 
as were incubated overnight at 37°C in New England Biolabs buffer #4 in the 
presence of the restriction enzymes NotI and AscL Following digestion, both the 
pJN347-mamiosidase back-bone and the targeting peptide regions were gel- 

5 extracted and ligated using the (^ck Ligation Kit (New England Biolabs, Beverly, 
MA), as recomm^ded by the manufacturers, and transformed into chemically 
competent DH5a cells (Invitrogen, Carlsbad, CA). Subsequently, the pJN347- 
targeting peptide/mannosidase constructs were ABI sequenced to confirm that the 
generated fusions were in-firame. The estimated size of the final targeting 

10 peptide/alpha-l,2-mannosidase library contains over 1300 constructs generated by 
the approach described above. Figure 2 illustrates construction of the 
combinatorial DNA library. 

Engineering a P. pastoris OCHl knock-out strain with multiple autotrophic 
IS markers. 

[0349] The first step in plasmid construction involved creating a set of universal 
plasmids containing DNA regions of the KEXl gene of P. pastoris (Boehm et al 
Yeast 1999 May;15(7):563-72) as space holders for the 5' and 3' regions of the 
genes to be knocked out. The plasmids also contained the cerevisiae Ura-blaster 
20 (Alani et aL (1987) Genetics 1 16:541-545) as a space holder for the auxotrophic 
markers, and an expression cassette with a multiple cloning site for insertion of a 
foreign gene, A 0.9-kb firagment of the P. pastoris KEXl -5' region was amplified 
by PGR using primers 

GG CGAGCTCGGCCTACCCGGCC AAGGCTGAGATCATTTGTCCAGCTTCA 
25 GA (SEQ m NO:56) and 

GCCCA CGTCGACGGATCCGTTTAAACA TCGATTGGAGAGGCTGACACC 

GCTACTA (SEQ ID NO:57) and P. pastoris genomic DNA as a template and 

cloned into the SacI^ Sail sites of pUC19 (New England Biolabs, Beverly, MA). 

The resulting plasmid was cut with BamHImd Sail, and a 0.8-kb Segment of the 
30 KEXl -3 ' region that had been amplified using primers 

C GGGATCCACTAGTATTTAAATC ATATGTGCGAGTGTACAACTCTTCCC 

ACATGG (SEQ ID NO:58) and 
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GGACGC GTCGACGGCCTACCCGGCC GTACGAGGAATTTCTCGG 
ATGACTCTTTTC (SEQ ID NO:59) was cloned into the open sites creating 
pJN262. This plasmid was cut with BamHI and the 3 .8-kb BamHI, Bglll fragment 
of pNKYSl (Alani et al (1987) Genetics 1 16:541-545) was inserted in both 
5 possible orientations resulting in plasmids pJN263 (Figure 4A) and pJN284 
(Figure 4B). 

[0350] An expression cassette was created with NotI and Pad as cloning sites. 
The GAPDH promoter of P. pastoris was amplified using primers 
C GGGATCCCTCGAGAGATCm TTTGTAGAAATGTCTTGGTGCCT (SEQ 

10 IDNO:60)and 

GGACA TGCATGCACTAGTGCGGCCGCCACGTGA TAGTTGTTCA 
ATTGATTGAAATAGGGACAA (SEQ ID N0:61) and plasmid pGAPZ-A 
(Livitrogen) as template and cloned into the BamHI, SphI sites of pUC19 (New 
England Biolabs, Beverly, MA) (Figure 4B). The resulting plasmid was cut with 

15 Spel and SpM and the CYCl transcriptional terminator region ('TT") that had been 
amplified using primers 

CCTT GCTAGCTTAATTAACCGCGGC ACGTCCGACGGCGGCCCA 
CGGGTCCCA (SEQ ID NO:62) and 

GGACAT GCATGCGGATCCCTTAAGAGCCGGC AGCTTGCAAATT 
20 AAAGCCTTCGAGCGTCCC (SEQ ID NO:63) and plasmid pPICZ-A 

(Invitrogen) as a template was cloned into the open sites creating pJN261 (Figure 
4B). 

[0351] A knockout plasmid for the P. pastoris OCHl gene was created by 
digesting pJN263 with SaUsoA §7e/and a 2.9-kb DNA fragment of the OCHl-5' 
25 region, which had been amplified using the primers 

GAACCAC GTCGACGGCCATTGCGGCCA AAACCTTTTTTCCTATT 
CAAACACAAGGCATTGC (SEQ ID NO:64) and 

CTCCAA TACTAGT CGAAGATTATCTTCTACGGTGCCTGGACTC (SEQ ID 
NO:65) and P. pastoris genomic DNA as a template, was cloned into the open sites 
30 (Figure 4C). The resulting plasmid was cut with EcoRJ and Pmel and a 1 .0-kb 
DNA fragment of the OCHl -3 ' region that had been generated using the primers 
TGGAAG GTTTAAACA AAGCTAGAGTAAAATAGATATAGCGAG 
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ATTAGAGAATG (SEQ ID NO:66) and 

A AGAATTC GGCTGGAAGGCCTTGTACCTTGATGTAGTTCCCGTT 
TTCATC (SEQ ID NO:67) was inserted to generate pJN298 (Figure 4C). To 
allow for the possibility to simultaneously use the plasmid to introduce a new gene, 

5 the BamHI expression cassette of pJN261 (Figure 4B) was cloned into the unique 
BamHI site of pJN298 (Figure 4C) to create pJN299 (Figure 4E). 
[0352] The P, pastoris Ura3-blaster cassette was constructed using a similar 
strategy as described in Lu et al. (1998) Appl Microbiol Biotechnol 49:141-146. 
A 2.0-kb PstI, Spel fragment of P. pastoris URA3 was inserted into the PstI, Xbal 

10 sites of pUC19 (New England Biolabs, Beverly, MA) to create pIN[306 (Figure 
4D). Then a 0.7-kb Sacly PvuII DNA fragment of the lacZ open reading frame was 
cloned into the Sad, Smal sites to yield pJN308 (Figure 4D). Following digestion 
of pJN308 (Figure 4D) with PstI, and treatment with T4 DNA polymerase, the 
Sad - PvuII fragment from lacZ that had been blunt-ended with T4 DNA 

1 5 polymerase was inserted generating pIN3 1 5 (Figure 4D). The lacZfURA3 

cassette was released by digestion with Sad and SphI, blunt ended with T4 DNA 
polymerase and cloned into the backbone of pJN299 that had been digested with 
Pmel and Aflll and blunt ended with T4 DNA polymerase. The resulting plasmid 
was named pJN329 (Figure 4E). 

20 [0353] A HIS4 marked expression plasmid was created by cutting pJN261 

(Figure 4F) with EcoICRI (Figure 4F). A 2.7kb fragment of the Pichia pastoris 
HIS4 gene that had been amplified using the primers 

GCCCA AGCCGGCCTTAAGG GATCTCCTGATGACTGACTCACTGATAATA 
hhPJ^lACGG (SEQ ID NO:68) and 

25 GGGCGCG TATTTAAATACTAGTG GATCTATCGAATCTAAATGTAAGTTA 
AAATCTCTAA (SEQ ID NO:69) cut with NgoMIV and Swal and then blunt- 
ended using T4 DNA polymerase, was then ligated into the open site. This 
plasmid was named pJN337 (Figure 4F). To construct a plasmid with a multiple 
cloning site suitable for fusion library construction, p JN337 was cut with NotI and 

30 Pad and the two oUgonucleotides 

GGCCGCCTGCAGATTTAAATGAATTCGGCGCGCCTTAAT ( SEP ID 
NO:70) an d TAAGGCGCGCCGAATTCATTTAAATCTGCAGGGC ( SEP ID 
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N0:71) that had been annealed in vitro were ligated into the open sites, creating 
pJN347 (Figure 4F), 

[0354] To create an ochl knockout strain containing multiple auxotrophic 
markers, 100 \xg of pJN329 was digested with and used to transform P. 

5 pastoris strain JC308 (Ceregjiino et aL (2001) Gene 263:159-169) by 

electroporation. Following transformation, flie URA dropout plates were incubated 
at room temperature for 10 days. One thousand (1000) colonies were picked and 
restreaked. All 1000 clones were then streaked onto 2 sets of URA dropout plates. 
One set was incubated at room temperature, whereas tiie second set was incubated 

10 at 37*^0. The clones that were unable to grow at SV^'C, but grew at room 

temperature, were subjected to colony PGR to test for the correct 0CH7 knockout. 
One clone that showed the expected PGR signal (about 4.5 kb) was designated 
YJN153. 

EXAMPLES 

1 5 Characterization of the Combinatorial DNA Library 

[0355] Positive transformants screened by colony PGR confirming integration of 
the mannosidase construct into the P. pastoris genome were subsequently grown at 
room temperature in 50ml BMGY buffered methanol-complex medium consisting 
of 1% yeast extract, 2% peptone, 100 mM potassium phosphate buffer, pH 6.0, 

20 1 .34% yeast nitrogen base, 4 X 10"^% biotin, and 1% glycerol as a growth 

medium) until ODeoonm 2-6 at which point they were washed with 10ml BMMY 
(buffered methanol-complex medium consisting of 1% yeast extract, 2% peptone, 
100 mM potassium phosphate buffer, pH 6.0, 1.34% yeast nitrogen base, 4 X 10' 
^% biotin, and 1 .5% methanol as a growth medium) media prior to induction of the 

25 reporter protein for 24 hours at room temperature in 5ml BMMY. Consequently, 
the reporter protein was isolated and analyzed as described in Example 3 to 
characterize its glycan structure. Using the targeting peptides in Table 6, 
mannosidase catalytic domains localized to either the BR or the Golgi showed 
significant level of trinmiing of a glycan predominantly containing MangGlcNAca 

30 to a glycan predominantly containing Man5GlcNAc2. This is evident when the 
glycan structure of the reporter glycoprotein is compared between that of P. 
pastoris ochl knock-out in Figures 5C and 6C and the same strain transformed 
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with M. musculus maimosidase constructs as shown in Figures 5D, 5E, 6D - 6F. 
Figures 5 and 6 show expression of constructs generated from the combinatorial 
DNA library which show significant mannosidase activity in P. pastoris. 
Expression of pGC5 {Saccharomyces MNSJ(m)/mouse mannosidase IB A99) 
5 (Figures 5D and 6E) produced a protein which has approximately 30% of all 
glycans trimmed to Man5GlcNAc2, while expression of pFB8 (Saccharomyces 
iSECi2(m)/mduse mannosidase lA A187) (Figure 6F) produced approxima:tely 
50% MansGlcNAca and expression of pBC18-5 {Saccharomyces VANlis)/ C. 
elegans mannosidase IB A80) (Figure 5E) produced 70% Man5GlcNAc2. 

10 

EXAMPLE 6 
Trimming in vivo by Cfr-l,2-manno$idase 

[03561 To ensure that the novel engineered strains of Example 4 in fact 
produced the desired Man5GlcNAc2 structure in vivo, cell supematants were tested 

15 for mannosidase activity {see Figures 7 - 9). For each construct/host strain 

described below, HPLC was performed at 30°C with a 4,0mm x 250 mm column 
of Altech (Avondale, PA, USA) Econosil-NHa resin (5nm) at a flow rate of 1.0 
ml/min for 40 min. In Figures 7 and 8, degradation of the standard MangGlcNAca 
[b] was shown to occur resulting in a peak which correlates to MansGIcNAca. In 

20 Figure 7, the Man9GlcNAc2 [b] standard eluted at 24.61 min and MansGlcNAca 
[a] eluted at 18.59 min. In Figure 8, Man9GlcNAc2 eluted at 21.37 min and 
MansGlcNAca at 15.67 min. In Figure 9, the standard Man8GlcNAc2 [b] was 
shown to elute at 20.88 min. 

[03571 P. pastoris cells comprising plasmid pFBS {Saccharomyces SEC12 
25 (m)/mouse mannosidase lA Al 87) were grown at 30°C in BMGY to an OD600 of 
about 10. Cells were harvested by centrifugation and transferred to BMMY to 
induce the production of K3 (kringle 3 from human plasminogen) under control of 
an AOXl promoter. After 24 hours of induction, cells were removed by 
centrifugation to yield an essentially clear supernatant. An aliquot of the 
30 supernatant was removed for mannosidase assays and the remainder was used for 
the recovery of secreted soluble K3. A single purification step using CM- 
sepharose chromatography and an elution gradient of 25mM NaAc, pH5.0 to 
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25mM NaAc, pH5.0, IM NaCI, resulted in a 95% pure K3 eluting between 300- 
SOOmM NaCl. AT-glycan analysis of the K3 derived glycans is shown in Figure 
6F. The earlier removed aliquot of the supernatant was further tested for the 
presence of secreted mannosidase activity. A conmiercially available standard of 
5 2-anmioben2amide-labeled N-linked-type oligomannose 9 (Man9-2-AB) (Glyko, 
Novato, CA) was added to: BMMY (Figure 7A), the supernatant from the above 
aliquot (Figure 7B), and BMMY containing lOng of 75mU/mL of a-1,2- 
mannosidase from Trichoderma reesei (obtained from Contreras et al., WO 
02/00856 A2) (Figure 7C). After incubation for 24 hours at room temperature, 
10 samples were analyzed by amino silica HPLC to determine the extent of 
mannosidase trinuning. 

[0358] P. pastoris cells comprising plasmid pGC5 (Saccharomyces 
MNSl(m)/moviSQ mannosidase IB A99) were similarly grown and assayed. Cells 
were grown at room temperature in BMGY to an OD600 of about 10. Cells were 

1 5 harvested by centrifugation and transferred to BMMY to induce the production of 
K3 under control of saiAOXJ promoter. After 24 hours of induction, cells were 
removed by centrifugation to yield an essentially clear supernatant. An aliquot of 
the supematant was removed for mannosidase assays and the remainder was used 
for the recovery of secreted soluble K3. A single purification step using CM- 

20 sepharose chromatography and an elution gradient of 25mM NaAc, pH5 .0 to 
25mM NaAc, pH5.0, IM NaCl, resulted in a 95% pure K3 eluting between 300- 
500mM NaCl iV-glycan analysis of the K3 derived glycans is shown in Figure 
5D. The earlier removed aliquot of the supematant was further tested for the 
presence of secreted mannosidase activity as shown in Figure SB. A 

25 commercially available standard of Man9-2-AB (Glyko, Novato, CA) were added 
to: BMMY (Figure 8A), supematant from the above aliquot (Figure 8B), and 
BMMY containing lOng of 75mU/mL of o£-l,2-mannosidase from Trichoderma 
reesei (obtained from Contreras et al, WO 02/00856 A2) (Figure 8C). After 
incubation for 24 hours at room temperature, samples were analyzed by amino 

30 silica HPLC to determine the extent of mannosidase trinuning. 

[0359] Man9-2-AB was used as a substrate and it is evident that after 24 hours of 
incubation, maimosidase activity was virtually absent in the supematant of the 
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pFB8 {Saccharomyces SEC12 (m)/mouse mannosidase lA A 187) strain digest 
(Figure 7B) and pGC5 {Saccharomyces MNSl (m)/mousQ mannosidase IB A99) 
strain digest (Figure 8B) whereas the positive control (purified a- 1 ^-mannosidase 
from T. reesei obtained from Contreras) leads to complete convorsion of 

S Man9GlcNAc2 to Man5GlcNAc2 under the same conditions, as shown in Figures 
7C and 8C. This is conclusive data showing in vivo mannosidase trimming in P. 
pastoris pGCS strain; and pFB8 strain, which is distinctly different from what has 
been reported to date (Contreras et a/., WO 02/00856 A2) . 
[0360] Figure 9 further substantiates localization and activity of the mannosidase 

10 enzyme. P. pastoris comprising pBC18-5 {Saccharomyces VANl{s)/C. elegans 
mannosidase IB A80) was grown at room temperature in BMGY to an OD600 of 
about 10. Cells were harvested by cratrifugation and transferred to BMMY to 
induce the production of K3 under control of mAOXl promoter. After 24 hours of 
induction, cells were removed by centrifugation to yield an essentially clear 

15 supernatant. An aliquot of the supernatant was removed for mannosidase assays 
and the remainder was used for the recovery of secreted soluble KB. A single 
piirification step using CM-sepharose chromatography and an elution gradient 
25mM NaAc, pHS.O to 25mM NaAc, pH5.0, IM NaCl resulted in a 95% pure K3 
eluting between 300-500mM NaCl. iV-glycan analysis of the K3 derived glycans is 

20 shown in Figure 5E. The earlier removed aliquot of the supernatant was further 
tested for the presence of secreted maimosidase activity as shown in Figure 9B. A 
commercially available standard of Man8-2-AB (Gl>ico, Novate, CA) was added 
to: BMMY (Figure 9A), supernatant from the above aliquot pBCl 8-5 
{Saccharomyces VANl{i)IC. elegans mannosidase IB A80) (Figure 9B), and 

25 BMMY containing media from a different fusion construct pDD28-3 

{Saccharomyces AiNN10{m) (from SwissProt 50108)/ff sapiens mannosidase IB 
A99) (Figure 9C). After incubation for 24 hours at room temperature, samples 
were analyzed by amino siUca HPLC to determine the extent of mannosidase 
trimming. Figure 9B demonstrates intracellular maimosidase activity in 

30 comparison to a fusion construct pDD28-3 {Saccharomyces MNN10{m) K sapiens 
mannosidase IB A99) exhibiting a negative result (Figure 9C). 
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EXAMPLE? 

pH Optimum Assay of Engineered (^1,2-mannosidase 

[0361] P. pastoris cells comprising plasmid pBB27-2 (Saccharomyces MNNIO 
(s) (from SwissProt 50108)/C elegans mannosidase IB A3 1) were grown at room 
5 temperature in BMGY to an OD600 of about 17, About 80(iL of these cells were 
inoculated into 600|iL BMGY and were grown overnight. Subsequently, cells 
were harvested by centrifiigation and transferred to BMMY to induce the 
production of K3 (kringle 3 from human plasminogen) under control of an AOXl 
promoter. After 24 hours of induction, cells were removed by centrifiigation to 

10 yield an essentially clear supematant (pH 6,43). The supematant was removed for 
mannosidase pH optimum assays. Fluorescence-labeled MansGlcNAc2 (0.5 ^g) 
was added to 20jiL of supematant adjusted to various pH (Figure 11) and 
incubated for 8 hours at room temperature. Following incubation the sample was 
analyzed by HPLC using an Econosil NH2 4.6 X 250 mm, 5 micron bead, amino- 

15 boimd silica column (Altech, Avondale, PA). The flow rate was 1 .0 ml/min for 40 
min and the column was maintained to 30°C. After eluting isocratically (68% 
A:32% B) for 3 min, a linear solvent gradient (68% A:32% B to 40% A:60% B) 
was employed over 27 min to elute the glycans (18). Solvent A (acetonitrile) and 
solvent B (ammonium formate, 50 wMy pH 4.5. The column was equilibrated with 

20 solvent (68% A:32% B) for 20 min between runs. 

EXAMPLE 8 

Engineering of P. pastoris to Produce iV-glycans with the Structure 
GlcNAcMan5GlcNAc2 

25 [0362] GlcNAc Transferase I activity is required for the maturation of complex 
and hybrid iV-glycans (U.S. Pat. No. 5,834,251). MansGlcNAca may only be 
trimmed by mannosidase H, a necessary step in the formation of human 
glycoforms, after the addition of iV-acetylglucosamine to the terminal a- 1,3 
mannose residue of the trimannose stem by GlcNAc Transferase I (Schachter, 

30 1991 Glycobiology 1(5):453-461). Accordingly, a combinatorial DNA library was 
prepared including DNA fragments encoding suitably targeted catalytic domains of 
GlcNAc Transferase I genes from C elegans and Homo sapiens; and localization 
sequences from GLS, MNS, SEQ Mm9, VANl ANPl, HOCl, MNNIO, MNNll, 
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MNTl KTRl KTR2, MNN2, MNNS, YURI, MNNl, and Mm6 from S. cerevisiae 
and P. pastoris putative ol,2-mannosyltransferases based on the homology from 
iS. cerevisiae: D2, D9 and J3, which are KTR homologs. Table 10 includes but 
does not limit targeting pq)tide sequences such as SEC and OCHl^ from P. 
5 pastoris and K lactis GnU, (See Table 6 and Table 10) 



Table 10. A representative combinatorial library of targeting peptide 
sequences/ catalytic domain for UDP-^-Acetylglucosaminyl Transferase I 
(GnTI) 







Targeting pqttide 


omain 




OCHI{s) 


ocmim) 


OCHIQ) 


MNN9(s) 


MNN9im) 


Human, GnTI, A38 


PB105 


PB106 


PB107 


PB104 


N/A 


Human, GnTI, A86 


NB12 


MB13 


NB14 


NB15 


NB 




C. Oegans, GnTI, ASS 


OA12 


OA13 


OA14 


0A15 


0A16 




C. etegans, GnTI, ASS 


PA12 


PA13 


PA14 


PAIS 


PA16 


Catab 


C. etegans, GnTI, A63 


PB12 


PB13 


PB14 


PB15 


PB16 


X. leavis, GnTI, A33 


QA12 


QA13 


QAM 


QA15 


QA16 


X./eav/s,GnTI,A103 


0B12 


QB13 


0B14 


QB15 


QB16 



10 

[0363] Targeting peptide sequences were selected from OCHI in P. past07'is 
(long, medium and short) (see Example 4) and h4NN9 (SwissProt P39107) in S, 
cerevisiae (short and mediima). Catalytic domains were selected from hiunan 
GnTI with a 38 and 86 amino acid iV-terminal deletion, C elegans (gly-12) GnTI 
15 with a 35 and 63 amino acid deletion as well as C. elegans (gly-14) GnTI with a 88 
amino acid iV-terminal deletion and^ leavis GnTI with a 33 and 103 andno acid 
iV-terminal deletion, respectively. 

[0364] A portion of the gene encoding human AT-acetylglucosaminyl Transferase 
I (MGATI, Accession# NM002406), lacking the first 154 bp, was amplified by 

20 PGR using oligonucleotides 5'-TGGCAGGCGCGCCTCAGTCAGCGCTCTCG- 
3' (SEQ'ID NO:72) and 5*-AGGTTAATTA AGTGCTAATTCCAGCTAGG-3' 
(SEQ ID NO:73) and vector pHG4.5 (ATCC# 79003) as template. The resulting 
PGR product was cloned into pCR2.1-T0P0 and the correct sequence was 
confirmed. Following digestion witti AscI and Pad the truncated GnTI was 

25 inserted into plasmid pJN346 to create pNA. After digestion of pJN271 with NotI 
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and AscI, the 120 bp insert was ligated into pNA to generate an in- frame fusion of 
the MNN9 transmembrane domain with the GnTI, creating pNA15. 
[0365] The host organism is a strain of P. pastoris that is deficient in 
hypermannosylation {e,g, an ochl mutant), provides the substrate UDP-GlcNAc in 
5 the Golgi and/or ER (/. c, , contains a functional UDP-GlcNAc transporter), and 
provides iV^glycasis of the structure MansGlcNAca in the Golgi and/or ER (e.g. P, 
pastoris pFB8 (Saccharomyces SEC12 (m)/mouse mannosidase lA A187) from 
above). First, P. pastoris pFB8 was transformed with pPB103 containing the 
Kli^eromyces lactis MNN2-2 gene (Genbank AN AF106080) (encoding UDP- 

10 GlcNAc transporter) cloned into BamHI and Bglll site of pBLADE-SX plasmid 
(Cereghino et al (2001) Gene 263:159-169). Then the aforementioned 
combinatorial DNA library encoding a combination of exogenous or endogenous 
GnTI/locahzation genes was transformed and colonies were selected and analyzed 
for the presence of the GnTI construct by colony PGR. Our transfomiation and 

15 integration efficiency was generally above 80% and PGR screening can be omitted 
once robust transformation parameters have been established. 

Protein Purification 

[0366] K3 was purified fix)m the medium by Ni-affinity chromatography 
20 utiUzing a 96-well format on a Beckman BioMek 2000 laboratory robot. The 

robotic purification is an adq)tation of the protocol provided by Novagen for their 
HisBind resin. Another screening method may be performed using a specific 
terminal GlcNAc binding antibody, or a lectin such as the GSn lectin from 
Griffonia simplificolia, which binds terminal GlcNAc (EY Laboratories, San 
25 Mateo, CA). These screens can be automated by using lectins or antibodies that 
have been modified with fluorescent labels such as FITC or analyzed by MALDI- 
TOF. 

[0367] Secreted K3 can be purified by Ni-aflBnity chromatogr^hy, quantified 
and equal amounts of protein can be bound to a high protein binding 96-well plate. 
30 After blocking with BSA, plates can be probed with a GSE-FACS lectin and 

screened for maximum fluorescent response. A preferred method of detecting the 
above glycosylated proteins involves the screening by MALDI-TOF mass 
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Spectrometry following the affinity purification of secreted K3 from the 
supernatant of 96-well cultured transformants. Transformed colonies were picked 
and grown to an OD600 of 10 in a 2ml, 96-well plate in BMGY at 30°C. Cells 
were harvested by centrifugation, washed in BMMY and resuspended in 250ul of 

5 BMMY. Following 24 hours of induction, cells were removed by centrifugation, 
the supernatant was recovered and K3 was purified from the supernatant by Ni 
afiBnity chromatography. The AT-glycans were released and analyzed by MALDI- 
TOF delayed extraction mass spectrometry as described herein. 
[0368] In summary, the methods of the invention yield strains of P. pastoris that 

10 produce GlcNAcMansGlcNAca in high yield, as shown in Figure lOB. At least 
60% of the ^^glycans are GlcNAcMan5GlcNAc2. To date, no report exists that 
describes the formation of GlcNAcMan5GlcNAc2 on secreted soluble 
glycoproteins in any yeast. Results presented herein show that addition of the 
UDP-GlcNAc transporter along with GnTI activity produces a predominant 

15 GlcNAcMan5GlcNAc2 structure, which is confirmed by the peak at 1457 (m/z) 
(Figure lOB). 

Construction of strain PBP"3 : 

[0369] The P. pastoris strain expressing K3, {Lochl, arg-, ade-, his-) was 
20 transformed successively with the following vectors. First, pFB8 (Saccharomyces 
SEC12 (m)/mouse mannosidase lA A187) was transformed in the P, pastoris strain 
by electroporation. Second, pPB103 containing Kluyveromyces lactis MNN2-2 
gene (Genbank AN AF106080) (encoding UDP-GlcNAc transporter) cloned into 
pBLADE-SX plasmid (Cereghino et al (2001) Gene 263:159-169) digested with 
25 BamYSL and BgliL enzymes was transformed in the P. pastoris strain. Third, 
pPB104 containing Saccharomyces MNN9{s)lh\xsnm GnTI A38 encoding gene 
cloned as Notl-Pacl fi-agment into pJN336 was transformed into the P. pastoris 
strain. 
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EXAMPLE 9 

Engineering JT. lactis Cells to Produce iV-glycans with the Structure 

MausGlcNAcj 

Identification and Disruption of the^. lactis OCHl gene 

5 [0370] The OCHl gene of the budding yeast S, cerevisiae encodes a 1,6- 
mannosyltransferase that is responsible for the first Golgi localized mannose 
addition to the MansGlcNAcaiV-glycan structure on secreted proteins (Nakanishi- 
Shindo et al (1993) J. Biol Chem,; 268(35):26338-45). This mannose transfer is 
generally recognized as the key initial step in the fixngal specific 

10 polymannosylation of //-glycan structures (Nakanishi-Shindo et al. (1993) J. Bioi 
Chem. 268(35):26338-26345; Nakayama etaL (1992) EMBOl 11(7):2511-19; 
Morin-Ganet et al (2000) Traffic l(l):56-68). Deletion of this gene m S. cerevisiae 
results in a significantly shorter iV-glycan structure that doeis not include this 
typical polymannosylation or a growth defect at elevated temperatures (Nakayama 

15 et al (1992) EMBO X 1 l(7):25h-19). 

[0371] The Ochlp sequence from S, cerevisiae was aligned with known 
homologs firom Candida albicans (Genbank accession # AAL49987), and P, 
pastoris along with the Hod proteins of 5. cerevisiae (Neiman et al (1997) 
Genetics 145(3):637-45 and K, lactis (PENDANT EST database) which are related 

20 but distinct mannosyltransferases. Regions of high homology that were in 

common among Ochlp homologs but distinct from the Hoclp homologs were used 
to design pairs of degenerate primers that were directed against genomic DNA 
firom the AT. lactis strain MGl/2 (Bianchi et al (1987) Current Genetics 12:185- 
192). PGR amplification with primers RCD33 

25 (CCAGAAGAATTCAATTYTGYCARTGG) (SEQ ID NO:74) and RCD34 

(CAGTGAAAATACCTGGNCCNGTCCA) (SEQ ID NO;75) resulted in a 302 bp 
product that was cloned and sequenced and the predicted translation was shown to 
have a high degree of homology to Ochl proteins (>55% to S. cerevisiae Ochlp). 
[0372] The 302 bp PGR product was used to probe a Southern blot of genomic 

30 DNA firom K, lactis strain (MGl/2) with high stringency (Sambrook et al^ 
Molecular Cloning: A Laboratory Manual^ 2nd ed., Cold Spring Haibor 
Laboratory Press, Cold Spring Harbor, NY, 1989). Hybridization was observed in 
a pattern consistent with a single gene indicating that this 302 bp segment 
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corresponds to a portion of the K. lactis genome and A', lactis (KlOCHl) contains a 
single copy of the gene. To clone the entire KlOCHl gono, the Southern blot was 
used to map the genomic locus. Accordingly, a 5.2 kb BamHUPstl fragment was 
cloned by digesting genomic DNA and ligatmg those fragments in the range of 5.2 

5 kb mto pUC 19 (New England Biolabs, Beverly, MA) to create a K, lactis 
subgenomic library. This subgenomic library was transforaied into E. coli and 
several hundred clones w«:e tested by colony PGR using RCD 33/34, The 5.2 kb 
clone containing the predicted KlOCHl gene was sequenced and an open reading 
frame of 1362 bp encoding a predicted protein that is 46.5% identical to the S, 

10 cerevisiae OCHl gene. The 5.2 kb sequence was used to make primers for 
construction of an ochl::KAtf deletion allele using a PGR overlap method 
(Davidson a/. (2002) McroWo/. 148(Pt 8):2607-15). This deletion allele was 
transformed into two K lactis strains and G418 resistant colonies selected. These 
colonies were screened by both PGR and for temperature sensitivity to obtain a 

15 strain deleted for the OCHl ORF. The results of the experiment show strains 
which reveal a mutant PGR pattern, which were characterized by analysis of 
growth at various temperatures and iV-glycan carbohydrate analysis of secreted and 
cell wall proteins following PNGase digestion. The ochl mutation conferred a 
temperature sensitivity which allowed strains to grow at 30°G but not at 35®G. 

20 Figure 12A shows a MALDI-TOF analysis of a wild type K, lactis strain 
producing A^-glycans of Man8GlcNAc2 [c] and higher. 

Identification. Cloning, and Disruption of tfaeiT, lactis MNNl gene 
[0373] S. cerevisiae MNNl is the structural gene for the Golgi a-1 ,3- 

25 mannosyltransferase. The product of MNNl is a 762-amino acid type n membrane 
protein (Yip et al (1994) Proc NatiAcad Sci USA. 91(7):2723-7). Both NAmked 
and 0-linked oligosaccharides isolated from mnnl mutants lack a-l,3-mannose 
linkages (Raschke etaL {1913) J Biol Chem. 248(13):4660-66). 
[0374] The Mnnlp sequence from iS. cerevisiae was used to search the K, lactis 

30 translated genomic sequences (PEDANT). One 405 bp DNA sequence encoding a 
putative protein fragment of significant similarity to Mnnlp was identified. An 
intemal segment of this sequence was subsequently PGR ampUfied with primers 
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KMNl (TGCCATCTTTTAGGTCCAGGCCCGTTC) (SEQ ID NO:76) and 
KMN2 (GATCCCACGACGCATCGTATTTCTTTC), (SEQ ID NO:77) and used 
to probe a Southern blot of genomic DNA from K. lactis strain (MGl/2). Based on 
the Southern hybridization data a 4.2 Kb BamHI-PstI fragment was cloned by 

5 generating a size-selected library as described herein. A single clone containing 
the K. lactis MNNl gene was identified by whole colony PGR using primers 
KMNl and KMN2 and sequenced. Within this clone a 2241 bp ORF was 
identified encoding a predicted protein that was 34% identical to the S, cerevisiae 
MNNl gene. Primers were designed for construction of a mnnl::NA7^ deletion 

10 allele using the PGR overlap method (Davidson et al (2002) Microbiol 148(Pt 
8):2607-15). 

[03751 This disruption allele was transformed into a strain ofK. lactis by 
electroporation and nourseothricin resistant transformants were selected and PGR 
amplified for homologous insertion of the disruption allele. Strains that reveal a 
1 5 mutant PGR pattern may be subjected to iV-glycan carbohydrate analysis of a 
known reporter gene. 

[0376] Figure 12B depicts the AT-glycans from the K, lactis ochl mnnl deletion 
strain observed following PNGase digestion the MALDI-TOF as described herein. 
The predominant peak at 1908 (m/z) indicated as [d] is consistent with the mass of 

20 ManpGlcNAca. 

[0377] Additional methods and reagents which can be used in the methods for 
modifying the glycosylation are described in the Uterature, such as U.S. Patent No. 
5,955,422, U.S. Patent No. 4,775,622, U.S. Patent No. 6,017,743, U.S. Patent No. 
4,925,796, U.S. Patent No. 5,766,910, U.S. Patent No. 5,834,251, U.S. Patent No. 

25 5,910,570, U.S. Patent No. 5,849,904, U.S. Patent No. 5,955,347, U.S. Patent No. 
5,962,294, U.S. Patent No. 5,135,854, U.S. Patent No. 4,935,349, U.S. Patent No. 
5,707,828, and U.S. Patent No. 5,047,335, Appropriate yeast expression systems 
can be obtained from sources such as the American Type Culture Collection, 
Rockville, MD. Vectors are commercially available from a variety of sources. 

30 
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EXAMPLE 10 

Identification, cloning and deletion of the ALG3 gene in P. pastoris and JT. 

lactis. 

[0378] Degenerate primers were generated based on an alignment of Alg3 
5 protein sequences from S, cerevisiae, K sapiens ^ and D. melanogaster and were 
used to amplify an 83 bp product from P. pastoris genomic DNA: 
5'-GGTGTTTTGTTTTCTAGATCTTTGCAYTAYCARTT-3' (SEQ ID NO:78) 
and 

5'-AGAATTTGGTGGGTAAGAATTCCARCACCAYTCRTG-3' (SEQ ID 

1 0 NO:79). The resulting PGR product was cloned into the pCR2. 1 vector 

(Invitrogen, Carlsbad, CA) and seqence analysis revealed homology to known 
ALG3/RHKmOT56h.omo\o^ (GenbankNC_001 134.2, AF309689, 
NC_003424. 1). Subsequently, 1929 bp iq)stream and 2738 bp downstream of the 
initial PGR product were amplified from a P. pastoris genonaic DNA Ubrary 
• 1 5 (Boehm (1 999) Yeast 1 5(7):563-72) using the internal oligonucleotides 

5'- CCTAAGCTGGTATGCGTTCTCTTTGCCATATC-3' (SBQ ID NO:80) and 
5'-GCGGCATAAACAATAATAGATGCTATAAAG-3' (SEQ ID N0:81) along 
with T3 (5'-AATTAACCCTCACTAAAGGG-3') (SEQ ID NO:49) and T7 (5'- 
GTAA TACGACTCACTATAGGGC-3') (SEQ ID NO:48) (Integrated DNA 

20 Technologies, Coralville, lA) in the backbone of the library bearing plasmid 

lambda ZAP n (Stratagene, La JoUa, CA). The resulting fragments were cloned 
into the pCR2. 1 -TOPO vector (Invitrogen) and sequenced. From this sequence, a 
1395 bp ORF was identified that encodes a protein with 35% identity and 53% 
similarity to the S. cerevisiae ALG3 gene (using BLAST programs). The gene was 

25 named PpALGS. 

[0379] The sequence of PpALG3v/as used to create a set of primers to generate a 
deletion construct of the PpALG3 gene by PGR overlap (Davidson et al (2002) 
Microbiol. 148(Pt 8):2607-15). Primers below were used to an^lily 1 kb regions 
5' and 3' of the PpALG3 ORF and the KAN*^ gene, respectively: 

30 RCD142 (5'-CCACATCATCCGTGCTACATATAG-3') (SEQ ID NO:82), 

RCD144(5'-ACGAGGCAAGCTAAACAGATCTCGAAGTATCGAGGGTTAT 
CCAG-3') (SEQ ID NO:83), 

RCD145(5'-CCATCCAGTGTCGAAAACGAGCCAATGGTTCATGTCTATA 
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AATC-.3') (SEQ ID NO:84), 

RCD147 (5'-AGCCTCAGCGCCAACAAGCGATGG-30 (SEQ ID NO:85), 
RCD143 (5'-CTGGATAACCCTCGATACTTCGAGATCTGTTTAGCTTGCC 
TCGT-S') (SEQ ID NO:86), and 
5 RCD146 (S^GATTTATAGACATGAACCATTGGCTCGTTTTCGACACTGG 

ATGG-30 (SEQ ID NO:87). 

Subsequently, primers RCD142 and RCD147 were used to overly the three 
resulting PGR products into a single 3.6 kb alg3::KAl^ deletion allele. 

10 Identification, cloning and deletion of the ALG3 gene in K lactis. 

[0380] The ALG3p sequences from S, cerevisiae, Drosophila melanogaster, 
Homo sapiens etc were aligned with K. lactis sequences (PENDANT EST 
database). Regions of high homology that were -in common homologs but distinct 
in exact sequence from the homologs were used to create pairs of degenerate 

15 primers that were directed against genomic DNA from the K lactis strain MGl/2 
(Bianchi et al, 1987). In the case of ALG3, PGR amplification with primers 
KAL-1 (5'-ATCCTTTACCGATGCTGTAT-3') (SEQ ID NO:88) and 
KAL-2 (5'-ATAACAGTATGTGTTACACGGGTGTAG-3') (SEQ ID NO:89) 
resulted in a product that was cloned and sequenced and the predicted translation 

20 was shown to have a higih degree of homology to Alg3p proteins (>50% to S. 
cerevisiae AlgSp), j 

[0381] The PGR product was used to probe a Southern blot of genomic DNA 
from K. lactis strain (MGl/2) with high stringency (Sambrook et al. Molecular 
Cloning: A Laboratory Manual, 2nd ed.. Cold Spring Harbor Laboratory Press, 

25 Cold Spring Harbor, NY, 1 989). Hybridization was observed in a pattern 

consistent with a single gene. This Southern blot was used to map the genomic 
loci. Genomic fragments were cloned by digesting genomic DNA and ligatmg 
those fragments in the appropriate size-range into pUC19 to create a AT. lactis 
subgenomic library. This subgenomic library was transformed into E, coli and 

30 several hundred clones were tested by colony PGR, using primers KAL- 1 and 
KAL-2. The clones containing the predicted KIALG3 and KIALG61 genes were 
sequenced and open reading frames identified. 
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[0382] Primers for construction of an alg3::NA'f deletion allele, using a PGR 
overlap method (Davidson et al (2002) Microbiol 148(Pt 8):2607-15), were 
designed and the resulting deletion allele was transformed into two K, lactis strains 
and NAT-resistant colonies selected. These colonies were screened by PGR and 
5 transformants were obtained in which the ALG3 ORF was replaced with the 
ochl::NAI^ mutant allele. 

EXAMPLE 11 

Generation of an alg3 ochl mutant strain expressing an a-l,2-mannosidase, 
10 GnTl and GnTII for production of a human-like glycoprotein. 

[0383] A P. pastoris alg3::KAtf deletion constmct was generated as described 
in Example 10. Approximately 5\x% of the resulting PGR product was transformed 
into strain PBP-3 (see Example 3), and colonies were selected on YPD medium 
contaming 200|xg/ml 041 8. One strain out of 20 screened by PGR was confirmed 

15 to contain the correct integration of the alg3::KAlf mutant allele and lack the 
wild-type allele. This strain was named RDP27 (Figure 36). 
[0384] A library of GnTII constructs was then generated, which was comprised 
of in-frame fusions of the leader library with the catalytic domains of GnTII genes 
from human and rat sources (WO 02/00879). This library was created in a P. 

20 pastoris integration vector containing the NSI^ gene conferring resistance to the 
drug nourseothricin. The library plasmids were linearized with £coRI, 
transformed into strain KDP27 by electroporation, and the resulting strains were 
screened by analysis of the released glycans from purified K3. AP, pastoris strain 
expressing the rat GnTII fused in-frame to the S. cerevisiae MNN9 (s) construct 

. 25 was named FBP6-5 (Figure 36). 

Generation of GnTII expression constructs 

[0385] The construction of a GnTI expression vector (pNA15) containing a 
himian GnTI gene fused with the iV-termmal part of S, cerevisiae MNN9 gene is 
30 described in Ghoi et al. (2003) Proc Natl Acad Sci USA. 100(9):5022-27. In a 
similar fashion, the rat GnTII grae was cloned. The rat GnTII gene (GenBank 
accession number U21662) was PGR amplified using Takara EX Taq^ 
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polymerase (Panvera) from rat liver cDNA library (Clontech) with 
RATI (5'-TTCCTCACTGCAGTCTTCTATAACT-3') (SEQ ID NO:90) and 
RAT2 (5'.TGGAGACCATGAGGTTCCGCATCTAC-30 (SEQ ID N0:91) 
primers. The PGR product was then cloned into pCR2.1-T0P0 vector (Invitrogen) 
5 and sequenced. Using this vector as a traiplate, the AschPacl fragment of GnTH 
encoding amino-acids 88-443, was amplified with PfU Turbo polymerase 
(Stratagene) and primers, 

RAT44 (5'-TTGGCGCGCCTCCCTAGTGTACCAGTTGAACTTTG-3') (SEQ 
IDNO:92)and 

10 RATI 1 fS^G ATTAATTAA CTCACTGCAGTCTTCTATAACT -3^ (SEQ ID 
NO:93) req)ectively, introduced AscI and Pad restriction sites are und^lined). 
Following confinnation by sequencing, the catalytic domain of rat GnTII was than 
cloned downstream of the PMAl promoter as a Ascl-PacI fragment m pBP124. In 
the final step, the gene fragment encoding the S, cerevisiae Mnn2 localization 

1 5 signal was cloned from pJN28 1 as a Notl-Ascl fragment to generate an in-frame 
fusion with the catalytic domain of GnTII, to generate plasmid pTC53. 

EXAMPLE 12 

Cloning and EKpression Of GnTIII To Produce Bisecting GlcNAcs Which 
20 Boost Antibody Functionality 

[0386] The addition of an i\r-acetylglucosamine to the GlcNAc2Man3GlcNAc2 
structure by iV-acetylglucosaminyltransferases III yields a so-called bisected A''- 
glycan (see Figure 15). This structure has been implicated in greater antibody- 
dependent cellular cytotoxicity (ADCC) (Umana et aL (1999) Nat. BiotechnoL 

25 17(2): 176-80). 

[0387] A host cell such as a yeast strain capable of producing glycoproteins with 
bisected //-glycans is engineered according to the invention, by introducing into 
the host cell a GnTm activity. Preferably, the host cell is transformed with a 
nucleic acid that encodes GnTm (e.g., a mammalian such as the murine GnTm 

30 shown in Figure 24) or a domain thereof having enzymatic activity, optionally 
fused to a heterologous cell signal targeting peptide {e,g.y using the libraries and 
associated methods of &e invention.) 



140 



wo 2004/074461 



PCT/US2004/005191 



[0388] IgGs consist of two heavy-chains (Vh, ChI, Ch2 and Ch3 in Figure 22), 
interconnected in the hinge region through three disulfide bridges, and two Ught 
chains (Vl, Clui Figure 22). The light chains (domains Vl and Cl) are linked by 
another disulfide bridge to the ChI portion of the heavy chain and together with the 
5 ChI and Vh fragment make up the so-called Fab region. Antigens bind to the 
terminal portion of the Fab region. The Fc region of IgGs consists of the Ch3, the 
Ch2 and the hinge region and is responsible for the exertion of so-called effector 
Amotions (see below). 

[0389] The primary fimction of antibodies is binding to an antigen. However, 
10 unless binding to the antigm directly inactivates the antigen (such as in the case of 
bacterial toxins), mere binding is meaningless unless so-called effector-fimctions 
are triggered. Antibodies of the IgG subclass exert two major effector-functions: 
the activation of the complement system and induction of phagocytosis. The 
complement system consists of a complex group of serum proteins involved in 
15 controlling inflammatory events, in the activation of phagocytes and in the lytical 
destruction of cell membranes. Complement activation starts with binding of the 
Cl complex to the Fc portion of two IgGs in close proximity. Cl consists of one 
molecule, Clq> and two molecules, Clr and Cls. Phagocytosis is initiated through 
an interaction between the IgG's Fc fi-agment and Fc-gamma-receptors (FcyRI, n 
20 and III in Figure 22). Fc receptors are primarily expressed on the surface of 
effector cells of the immune system, in particular macrophages, monocytes, 
myeloid cells and dendritic cells. 

[0390] The Ch2 portion harbors a conserved N-gJycosylation site at asparagine 
297 (Asn297). The Asn297 JV-glycans are higjily heterogeneous and are known to 

25 affect Fc receptor binding and complement activation. Only a minority (/.e., about 
15-20%) of IgGs bears a disialylated, and 3-10% have a monosialylated AT-glycan 
(reviewed in JefiFeris (2001) 5zc!pAarm. 14:19-26). Interestingly, the minimal 
glycan structure shown to be necessary for fully functional antibodies enable of 
complement activation and Fc receptor binding is a pentasacharide with terminal 

30 N-acetylglucosamine residues (GlcNAczMans) (reviewed in JeflFeris, R., 

Glycosylation of human IgG Antibodies. BioPharm, 2001). Antibodies with less 
than a GlcNAc2Man3 AT-glycan or no iV^glycosylation at Asn297 might still be able 
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to bind an antigen but most likely will not activate the crucial downstream events 
such as phagocytosis and complement activation. In addition, antibodies with 
fungal-type iV-glycans attached to Asn297 will in all likelihood solicit an immune- 
response in a mammalian organism which will render that antibody useless as a 
5 therapeutic glycoprotein. 

Cloning And Expression Of GnTm 

[0391] The DNA fragment encoding part of the mouse GnTin protein lacking 
the TM domain is PGR amplified from murine (or other mammalian) genomic 
10 DNA using 

forward (5'-TCCTGGCGCGCCTTCCCGAGAGAACTGGCCTCCCTC-3') (SEQ 
IDNO:94)and 

reversed (5'-AATTAATTAACCCTAGCCCTCCGCTGTATCCAACTTG-3') 
(SEQ ID NO:95) primers. Those primers include AscI and Pac/ restriction sites 
1 5 that may be used for cloning into the vector suitable for the ftision with leader 
library. 

[0392] The nucleic acid (SEQ ID NO:45) and amino acid (SEQ ID NO:46) 
sequences of murine GnTIlI are shown in Figure 24. 

20 Cloning of Immunoglobulin-Encoding Sequences 

[0393] Protocols for the cloning of the variable regions of antibodies, including 
primer sequences, have been published previously. Sources of antibodies and 
encoding genes can be, among others, in vitro immunized human B cells (see, e.g., 
Borreback et al (1988) Proc, Natl. Acad, ScL USA 85:3995-3999), peripheral 
25 blood lymphocytes or single human B cells (see, e,g., Lagerkvist et al, (1995) 

Biotechniques 18:862-869; andTemess etal (1997) Hum, Immunol, 56:17-27) and 
transgenic mice containing human immunoglobulin loci, allowing the creation of 
hybridoma cell-lines. 

[0394] Using standard recombinant DNA techniques, antibody-encoding nucleic 
30 acid sequences can be cloned. Sources for the genetic information encoding 
immunoglobulins of interest are typically total RNA preparations from cells of 
interest, such as blood lymphocytes or hybridoma cell lines. For example, by 
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employing a PCR based protocol with specific primers, variable regions can be 
cloned via reverse transcription initiated fi-om a sequence-specific primer 
hybridizing to the IgG ChI domain site and a second primer ^coding amino acids 
11 1-1 1 8 of the murine kapp^ constant region. The Vh and Vk encoding cDNAs 

5 can then be amplified as previously published {see, e,g, , Graziano et al (1 995) / 
Immunol 155(10):4996-5002; Welschofefa/. (1995)/. Immunol Methods 
179:203-214; and Orlandi et al (1988) Proc. Natl Acad. Set USA 86:3833). 
Cloning procedures for whole immunoglobulins (heavy and light chains) have also 
been published (see, e.g., Buckel et al (1987) Gene 51:13-19; Recinos et al 

10 (1994) Gene 149: 385-386; Recinos et al (1995) Gene 158:31 1-12). Additional 
protocols for the cloning and generation of antibody firagment and antibody 
expression constructs have been described in Antibody Engineering, Kontermann 
and Dilbel (2001), Eds., Springer Verlag: Berlin Heidelberg New York. 
[0395] Fungal expression plasmids encoding heavy and light chain of 

15 immunoglobulins have been described {see, e,g., Abdel-Salam et al (2001) Appl 
Microbiol Biotechnol 56:157-164; and Ogunjimi et al (1999) Biotechnology 
Letters 21 :561-567), One can thus generate expression plasmids harboring the 
constant regions of immunoglobulins. To facilitate the cloning of variable regions 
into these expression vectors^ suitable restriction sites can be placed in close 

20 proximity to the termini of the variable regions. The constant regions can be 

constructed in such a way that the variable regions can be easily in-firame fused to 
them by a simple restriction-digest / ligation experiment. Figure 23 shows a 
schematic overview of such an expression constmct, designed in a very modular 
way, allowing easy exchange of promoters, transcriptional terminators, integration 

25 targeting domains and even selection markers. 

[0396] As shown in Figure 23, Vl as well as Vh domains of choice can be easily 
cloned in-fi-ame with Cl and the Ch regions, respectively. Initial integration is 
targeted to the P. pastoris AOX locus (or homologous locus in another fungal cell) 
and the methanol-inducible AOX promoter will drive expression. Alternatively, 

30 any other desired constitutive or inducible promoter cassette may be used. Thus, if 
desired, the 5 'AOX and 3 'AOX regions as well as transcriptional terminator (TT) 
Augments can be easily replaced with different TT, promoter and integration 
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targeting domains to optimize expression. Initially the alpha- factor secretion 
signal with the standard KEX protease site is employed to facilitate secretion of 
heavy and light chains. The properties of the expression vector may be further 
refined using standard techniques. 
S [0397] An Ig expression vector such as the one described above is introduced 
into a host cell of the invention that expresses GnTm, preferably in the Golgi 
^qjparatus of the host cell. The Ig molecules expressed in such a host cell comprise 
iV-glycans having bisecting GlcNAcs. 

10 EXAMPLE 13 

Generation of Yeast Strain YSH-1 (Aac/fi, od,2-mannosidase, GnTI) 

[0398] The previously reported P. pastoris strain BK64 (Choi et al (2003) Proc 
Natl Acad Sci USA, 100(9):5022-7), a triple auxotroph (ADE, ARG, HIS) 
possessing the OCHl knock-out and expressing the kringle 3 domain (K3) of 

15 human plasminogen, was used as the host strain, BK64 was transformed with the 
plasmid pPB103 linearized with the restriction enzyme EcoNI to introduce the K, 
lactis UDP-A^-acetylglucosamine transporter into the host cell, thus creating the 
strain PBP-1 , The mouse MnsI was introduced into this strain by transformation 
with the plasmid pFB8 Unearized with the restriction enzyme EcoNI ^ generating 

20 strain PBP-2. K3 glycan analysis from proteins isolated from strain PBP-2 
demonstrated that the primary glycoform present was Man5GlcNAc2. 
[0399] PBP-2 was subsequently transformed with the human GnTI plasmid 
pNA15 Unearized with the restriction enzyme Aatll^ generating the strain PBP-3. 
Analysis of the K3 glycoforms produced in strain PBP-3 demonstrated that the 

25 hybrid glycan GlcNAcMan5GlcNAc2 was the predominant structure. To recover 
the URA3 marker bom PBP-3, this strain was grown in YPD prior to selection on 
minimal media containing 5-Fluoroorotic (5-FOA, BioVectra) and uracil (Boeke et 
fl/.(1984)Afo/. Gen. Genet. 197:345-346). The recovered Ura-minus strain 
producing GlcNAcMansGlcNAca glycoforms was designated YSH-1 (Figure 36). 

30 The iV-glycan profile from strain YSH-1 is shown in Figure 25 (top) and displays 
a predominant peak at 1465 miz correspondmg to the mass of 
GlcNAcMansGlcNAca [dj. 
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EXAMPLE 14 

Generation of Yeast Strain YSH-37 (P. pastoris expressing mannosidase II) 

[0400] YSH-1 (Example 13) was transformed with the Z). melanogaster 
5 mannosidase IIA74/5. cerevisiae MNN2(s) plasmid (pKD53) linearized with the 
restriction enzyme Apal, generating strain YSH-37 (Figure 36). Analysis of the 
K3 glycan structures produced in strain YSH-37 (Figure 25 (bottom)) 
demonstrated that the predominant glycoform at 1 140 m/z corresponds to the mass 
of GlcNAcMansGlcNAca [b] and other glycoforms GlcNAcMan4GlcNAc2 [g] at 
10 1303 m/z and GlcNAcMan5GlcNAc2 [d] at 1465 m/z. 

EXAMPLE 15 
Generation of Yeast Strain YSH-44 

[0401] Strain YSH-37 (Example 14) was transformed with a plasmid encoding a 
1 5 rat GTiTU/MNN2 (s) leader, pTC53, linearized with the restriction enzyme EcoRI, 
The resulting strain, YSH-44 (Figure 36), produced a K3 iV^glycan having a single 
glycoform at 1356 m/z, corresponding to the mass of GlcNAc2Man3GlcNAc2 [x], 
by positive mode MALDI-TOF mass spectrometry (Figure 29). 



20 jS-N-acetylhexosaminidase Digestion 

[0402] The glycans from YSH-44 were released and separated from the 
glycoproteins by a modification of a previously reported method (Papac, et al. A. J. 
S. (1998) Gfycobiology 8, 445-454). After the proteins were reduced and 
carboxymethylated and the membranes blocked, the wells were washed three time 

25 with water. The protein was deglycosylated by the addition of 30 |J of 10 mM 
NH4HCO3 pH 8.3 containing one milliunit of N-glycanase (Glylco, Novate, CA). 
After a 16 hr digestion at 3TC, the solution containing the glycans was removed 
by centrifugation and evaporated to dryness. The glycans were then dried in 
aSC210A speed vac (Thermo Savant, Halbrook, NY). The dried glycans were put 

30 in 50 mM NH4AC pH 5.0 at 37**C overnight and ImU of hexos (Glyko, Novato, 
CA) was added. 
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EXAMPLE 16 
Construction of Plasmid pJN 348 

[0403] The plasmid pBLURA-SX (from Jim Cregg) was digested with BamHI 
and Bglll to release the -^QA^ expression cassette. The BamHI fragment containing 
5 the GAPDH/CYCl expression cassette from pJN261 (Figure 4B) (Example 4) 
was then ligated into the pBLURA-SX backbone to create pJN338. The plasmid 
pJN338 was cut with Notl and Pad and the two oligonucleotides 
5'-GGCCGCCTGCAGATTTAAATGAATTCGGCGCGCCTTAAT-3' (SEQ ID 
NO:96) and 

10 5'-TAAGGCGCGCC GAATTCATTTAAATCTGCAGGGC-3' (SEQ ID NO:97) 
that had been annealed in vitro, were ligated into the open sites, to create pJN348. 

EXAMPLE 17 
Construction of an Integration Plasmid pRCD259 

1 5 [0404] The PpURA3 containing GAPDH expression vector pJN348 was 
linearized with Xhol and blunted with T4 DNA polymerase and calf intestinal 
phosphatase (GIF) treated. The HYG resistance marker was digested from pAG32 
with BglJI and Sad and blunted, then ligated into pJN348 to create pRCD259 
which can be used as a HYG expression vector that integrates at the PpURAS locus. 

20 

EXAMPLE 18 
Generation of GnTm Fusion Constructs 

[0405] Fusion constructs between manunalian GnTUI and yeast targeting 

sequences were made using mouse Mgat3 gene (GenBank accession number 

25 L39373, Bhaumik et al, 1995). Three DNA fragments corresponding to N- 

terminal deletions A32, A86, and A212 of the mouse GnTIQ gene were PGR 

amplified using Pfu Turbo polymerase (Stratagene) with forward 

MG3«B (5*-TCCTGGCGCGCCTTCCCGAGAGAACTGGCCTCCCTC-3') (SEQ 

IDNO:98), 

30 MG3.C (5'-CCGAGGCGCGCCACAGAGGAACTGCACCGGGTG-3') (SEQ ID 
NO:99), 

MG3-D (5'-ACCGAGGCGCGCCATCAACGCCATCAACATCAACCAC-3') 
(SEQIDNOilOO), 
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and reverse 

MG3-A (5'-AATTAATTAACCCTAGCCCTCCGCTGTATCCAACTTG-3') 
(SEQ ID NO: 101) primers. The PGR products were then cloned into pJN 348 
vector as Ascl-Pacl fragments and sequenced. The resulting vectors pVA (GnTIII 
5 A32), pVB (GnTm A86), and pVC (GnTm A212) were digested with NothAscI 
enzymes and used for the ligation with yeast leader library (leaders 20-67). These 
targeting peptides are fused to the catalytic domains selected from the mouse 
GnTin with 32, 86, 212 amino acid //-terminal deletions. For example, the MNN2 
targeting peptide from 5. cerevisiae (long, medium and short) and GNTl from K, 
10 lactis (short, and medium) (see Example 11) are shown in Table 11. 

Table 11* A representative combinatorial library of targeting peptide 
sequences/ catalytic domains exhibiting UDP-iV- 

Acetylglucosaminyltransferase III (GnTIII) activity in P. pastoris YSH-1 . 

15 







Targeting peptide 






S, cerevisiae 


S. cerevisiae 


S, cerevisiae 


K. lactis 


a 




MNN2(_a) 


MNN2(m) 


MAW2(1) 


GNTJ(m) 




Mouse GnTIII 


50% 


30-40% 


20-30% 


0% 


a 

o 
O 


A32 


(pVA53) 


(pVA54) 


(pVA55) 


(pVA51) 




Mouse GnTQI 


20-30% 


30-40% 


20-30% 


0% 


atah 


A86 


(pVB53) 


(pVB54) 


(pVB55) 


(pVB51) 


U 


Mouse GnTm 


0% 


0% 


0% 


0% 




A212 


(pVC53) 


(pVC54) 


(pVC55) 


(pVC51) 



EXAMPLE 19 

Engineering of P. pastoris to produce bisected GlcNAc2MansGlcNAc2 
[0406] The P, pastoris strain producing GlcNAcMansGlcNAca (PBP-3) (see 

20 Example 8) was counterselected on S-FOA, thereby selecting for loss of the 
URA3+ marker and a ura3- phenotype. This strain, designated YSH-1 (Figure 
36), was transformed with the library of iV-acetylglucosaminyltransferase HI 
(GnTIII) catalytic domains (vectors pVA, pVB, and pVC) and leaders. 
Transformants were grown at 30^*0 in BMGY to an OD600 of about 10, harvested 

25 by centrifugation and transferred to BMMY to induce the production of BC3 
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(kringle 3 from human plasminogen) under control of an AOXl promoter. K3 was 
purified from the medium by Ni-affinity chromatography utilizing a 96-well 
format on a Beckman BioMek 2000 laboratory robot. The robotic purification is 
an adaptation of the protocol provided by Novagen for their HisBind resin 

5 (Example 3). The iV-glycans were released by PNGase digestion (Example 3). 
The iV-glycans were analyzed with a MALDI-TOF MS (Example 3). The GnTIH 
activities are shown in Table 11. The number of (+)s, as used herein, indicates the 
relative levels of bisected iV-glycan production of % neutral glycans. Targeting 
peptide sequences were selected from selected firam the group consisting of: 

10 Saccharomyces GLSl, Saccharomyces MNSl, Saccharomyces SEC12, Pichia 
SEC, Pichia OCHl , Saccharomyces MNN9, Saccharomyces VANl , 
Saccharomyces ANPl, Saccharomyces HOCl, Saccharomyces MNNIO, 
Saccharomyces MNNll, Saccharomyces MNTl, Pichia D2, Pichia D9, Pichia J3, 
Saccharomyces KTRl, Saccharomyces KTR2, Kluyveromyces GnTI, 

1 5 Saccharomyces MNN2, Saccharomyces MNN5, Saccharomyces YURI , 

Saccharomyces MNNl, and Saccharomyces MNN6. The pVA53 transformants 
exhibiting the bisecting GlcNAc (e.g. GlcNAc2Man5GlcNAc2) were designated 
PBP26 (Figure 36). 



20 EXAMPLE 20 

Engineering of P. pastoris YSH-44 to produce bisected GIcNAcaManaGIcNAci 

[0407] For the expression of GnTHI in the strain YSH-44 (Figure 36), GnTIII 
constructs from vectors pVA53, pVB53, pVA54, and pVB54 were transferred as 
Notl'PacI fragments mto pRCD259 to generate vectors p^B135, pPB137, pPB136, 

25 and pPB 138. The vectors contain HYG resistance marker and P. pastoris URA3 
gene as targeting sequence for genomic integration, Plasmids are linearized with 
Sail, transformed into strain YSH-44 by electroporation, selected on medium 
containing hygromycin and the resulting strains are screened by analysis of the 
released glycans from purified K3. Transformants were grown at 24°C in BMGY 

30 to an OD600 of about 10, harvested by centrifugation and transferred to BMMY to 
induce the production of K3 (kringle 3 from human plasminogen) under control of 
an AOXl promoter. K3 was purified from the medium by Ni-affinity 
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chromatography utilizing a 96-well format on a Beckman BioMek 2000 laboratory 
robot (Example 3). The robotic purification is an adaptation of the protocol 
provided by Novagen for their HisBind resin (Example 3). The iV-glycans were 
released by PNGase digestion. The iV-glycans were analyzed with a MALDI-TOF 
5 MS (Example 3). The pPB135 transfonnants exhibiting the bisecting GlcNAc 
{e.g. GlcNAc2Man5GlcNAc2) were designated YSH-57 (Figure 36). Table 11 
depicts the activity of the mouse GnTin. 

EXAMPLE21 

10 Engineering of P. pastoris PBP6-5 to produce bisected GIcNAcaManaGlcNAcz 

[0408] The P. pastoris PBP6-5 (Example 11) was transformed with the plasmid 
pPB135 (Table 11) encoding a moUse GnTDI catalytic domain (A32) ligated in 
fi*ame to a targeting peptide derived from iS. cerevisiae MVJV2, Transformants » 
were grown at SO^'C in BMGY to an OD600 of about 10, harvested by 

1 5 centrifugation and transferred to BMMY to induce the production of K3 (kringle 3 
from human plasminogen) under control of an AOXl promoter. K3 was purified 
from the medium by Ni-affinity chromatography utilizing a 96-well format on a 
Beckman BioMek 2000 laboratory robot. The robotic purification is an adaptation 
of the protocol provided by Novagen for their HisBind resin (Example 3). The N- 

20 glycans were released by PNGase digestion (Example 3). The AT-glycans were 
analyzed with a MALDI-TOF MS (Example 3). Transformants exhibiting the 
bisecting GlcNAc (e.g. GlcNAc2Man3GlcNAc2) were designated PBP-38 (Figure 
36). Table 11 depicts the activity of the mouse GnTIII. 

25 EXAMPLE 22 

In vitro GnTDI activity assay using substrate GlcNAcMansGlcNAca in 
engineered P. pastoris strain YSH-57 

[0409] To test any potential ex vivo GnTin activity in the P. pastoris strain, 
YSH-57 cell culture supematants were tested for GnTEH activity. Ppastoris YSH- 
30 57 cells were grown at 24°C in BMGY to an OD600 of about 10. Cells were 

harvested by centrifugation and transferred to BMMY to induce the production of 
K3 (kringle 3 from human plasminogen) under control of an AOXl promoter. 
After 24 hours of induction, cells were removed by centrifugation to yield an 
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essentially clear supernatant. An aliquot of the supernatant was removed for 
GnTin assays and the remainder was used for the recovery of secreted soluble K3. 
K3 was purified fi-om the medium by Ni-affinity chromatography utilizing a 96- 
well format on a Beckman BioMek 2000 laboratory robot. The robotic pxuification 

5 is an adaptation of the protocol provided by Novagen for their HisBind resin 
(Example 3). The i\r-glycans were released by PNGase digestion (Example 3), 
The earlier removed aliquot of the supernatant was further tested for the presence 
of secreted GnTIII activity. GlcNAcMansGlcNAci purified firom K3 expressed in 
PBP-3 strain was added to: BMMY (A) 1 mM UDP-GlcNAc (Sigma Chemical 

10 Co., St. Louis, MO)) in BMMY (B); the supernatant of YSH-44 transformed with 
pVA53 [YSH-57] (C); the supernatant of YSH-57 + 1 mM UDP-GlcNAc (D), 
After incubation for 8 hours at room temperature, samples were analyzed by amino 
silica HPLC to determine the extent of GnTm activity. 

15 EXAMPLE 23 

In vitro GnTIII activity assay using substrate GlcNAciMaoaGlcNAcz in 
engineered P. pastorts strain YSH-57 

[041 01 To test any potential ex vivo GnTIII activity in the P. pastoris strain 
YSH-57 cell culture supematants were tested for GnTIII activity. Ppastoris YSH- 

20 57 cells were grown at 24°C in BMGY to an OD600 of about 10. Cells were 

harvested by centrifugation and transferred to BMMY to induce the production of 
K3 (kringle 3 from human plasminogen) imder control of an AOXl promoter. After 
24 hours of induction, cells were removed by centriftigation to yield an essentially 
clear supernatant. An aliquot of the supernatant was removed for GnTIII assays 

25 and the remainder was used for the recovery of secreted soluble K3. K3 was 
pxuified from the medium by Ni-affinity chromatography utilizing a 96-well 
format on a Beckman BioMek 2000 laboratory robot. The robotic purification is 
an adaptation of the protocol provided by Novagen for their HisBind resin 
(Example 3). The JV-glycans were released by PNGase digestion (Example 3). 

30 The earlier removed aliquot of the supernatant was fiirther tested for the presence 
of secreted GnTIII activity. GlcNAc2Man3GlcNAc2 purified from K3 expressed in 
YSH-44 stram was added to: BMMY (A) 1 mM UDP-GlcNAc (Sigma Chemical 
Co., St Louis, MO)) in BMMY (B); the supernatant of YSH-44 transformed with 
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pVA53 [YSH-57] (C). After incubation for 8 hours at room temperature, samples 
were analyzed by amino silica HPLC to determine the extent of GnTin activity. 

EXAMPLE 24 

5 Cloning and Expression of GnTIV in P.pastoris 

[04111 The DNA fragment raicoding part of the human GnTIV protein 
isoenzyme A (MGAT4A) lacking the TM domain was PGR amplified from human 
cDNA using 

forward HGIV-2 (5'-CTGATTGCTTATCAACGAGAATTCCTTG-3') and 
10 reversed HGIV-3 (5'-TGTTGGTTTCTCAGATGATCAGTTGGTG-3') primers, 
cloned into the pCR2.1-T0P0 vector (Invitrogen), and sequ«iced. For cloning into 
a vector suitable for the fusion witii a leader library, DNA fragments were PGR 
amplified with primers that include Asd and Pad restriction sites. Asd forward 
primers: HGIV-ASCl (5'- 
15 TGGGCGCGCCAAACTGATTGCTTATCAACGAGAA-3'), HGIV-ASC2 (5'- 
AGTGGGCGCGCCTTGAATAAGTTTTCAGATAATACC-3'),HGIV-ASC3 
(5'-AAGGGCGCGCCCAAGTGCCAAGTATTTATTATC-3 ')• Pad reverse 
primerHGIV-PAC(5'- 

GTTTAATTAAGATCAGTTGGTGGCTTTTTTAATATG-3'). The nucleic acid 
20 and amino acid sequences of the human GnTIV A are shown in Figure 41 . 

[0412] Similarly, the DNA fragment encoding part of the human GnTIV protein 
isoenzyme B (MGAT4B) lacking the TM domain was PGR amplified from human 
cDNA using forward HGIVB-2 (5'- 

AGCGGCCAGAAAGGCGACGTTGTGGAC-3") and reverse HGIVB-3 (5'- 
25 TACCCTCAGAAGCCCGCAGCTTAGTC-3') primers, cloned into the pCR2.1- 
TOPO vector (Invitrogen), and sequenced. For cloning into a vector suitable for 
the fusion with a leader library, DNA firagments were PGR amplified with primers 
that include Asd and Pad restriction sites. Asd forward primers: HGIVB-Al (5'- 
AGCGGGCGCGGGGGCGACGTTGTGGACGTTTAC-3'), HGIVB-A2 (5'- 
30 CGGTGGCGCGGGTCACACCGGCACGTGCTGCAC-3'). Pac/ reverse primer 
HGIVB-P (5'-TGTTAATTAAGCTTAGTCGGCCTTTTTCAGGAAG-3*). The 
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nucleic acid and amino acid sequences of human GnTIV B are shown in Figure 
42. 



Table 12: Plasmids containing GnTV or GnTIV Fasion Constructs For 
5 Expression of Multiantenuary Structures 



Catalvtip dnmainAender 


HYG vector 


KAN vector 


Mouse GnT V 






A95-53 




pPB146 


A145-53 


pPB125 


pPB140 


A145 -54 


pPB130 




A209 -53 


pPB126 




A209 -54 


pPB131 




Human GuT IVA 






A32-53 . 


pPB127 




A82-53 


pPB128 


pPB141 


Al 03-53 


PPB129 




A32-54 


pPB132 




A82-54 


pPB133 




A103-54 


pPB134 




Human GnT IVB 






A32-53 


pPB143 




A104-53 


pPB144 




Human GnT IX 






A43-53 




pPB176 



EXAMPLE 25 

P.pastoris Strain Producing Triantennary Glycan Structures 
[04131 P. pastorisYSIL-AA strain (Example 15) producing complex glycan 
structures was transformed with the plamid pPB144 (Table 12) containing a gene 
fragment encoding the human GnTIVB catalytic domain (A 104) ligated in frame to 
a 5. cerevisiae MNN2(s) [nucleotides 1-108] targeting peptide. Theplasmid 
pPB144 also contains a HYG resistance maiker and the P, pastoris URA3 gene as 
targeting sequence for genomic integration, 1 jig plasmids were linearized with 
SalU transformed into strain YSH-44 by electroporation, selected on medium 
containing hygromycin and the resulting strains were screened by analysis of the 
released glycans from purified K3. Transforaiants were grown at SQ^'C in BMGY 
to an OD600 of about 100, harvested by centrifugation and transferred to BMMY 
to induce the production of K3 (kringle 3 from human plasminogen) under control 
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of an AOXl promoter. K3 was purified fi-om the medium by Ni-affinity 
chromatography utilizing a 96-well format on a Beckman BioMek 2000 laboratory 
robot. The robotic purification is an adaptation of the protocol provided by 
Novagen for their HisBind resin (Example 3), The iV-glycans were released by 

5 PNGase digestion (Example 3). The A^glycans were analyzed with a MALDI- 
TOF MS (Example 3). Transformants exhibiting the transfer of GlcNAc residues 
onto the Manal,3 arm of the oligosaccharide structure (e.g. 
GlcNAc2Man3GlcNAc2) were designated PBP43 (Figure 47). Analysis of N- 
glycans provides a predominant peak at 1543 m/z [y] is consistent with the mass of 

1 0 the glycan GlcNAc3Man3GlcNAc2. 

EXAMPLE 26 
Cloning and Expression of GnXV in P.pastoris 

15 [0414] The DNA firagment encoding part of the mouse GnTV protein (MGAT45) 
lacking the TM domain was PGR amplified firom murine cDNA using 
forward MGV-2 (5'-AAATCAAGTGGATGAAGGACATGTGGC30 and 
reverse MGV-3 (S'-AGCGATGCTATAGGCAGTCTTTGCAGAG-S') primers, 
cloned into the pCR2.1-T0P0 vector (Invitrogen), and sequenced. For cloning into 

20 the vector suitable for the fusion with leader library, DNA fi'agments were PGR 
amplified with primers that include AscI and Pad restriction sites. AscI forward 
primers: MGV-ASCl (5'- 

TATGGGCGCGCCGATCATAACTCATTGGCGGAAATC-3 MGV- ASC2 
(5'-GAAGGGCGCGCCTTGCCTCCTATGGATGGCTACCGCCAC-3'), MGV- 
25 ASC3 (5'-TGGGGCGCGCCGGCAAGCTCGAGTCAAAGGTGGACAAT-3'). 
Pad reverse primer MGV-P AC (5 

AGTTAATTAATGCTATAGGCAGTCTTTGCAGAG-3'). The nucleic acid and 
amino acid sequences of mouse GnTV are shown in Figure 43. 

30 EXAMPLE 27 

P. pastoris Strain Expressing GnTV 

[0415] P. pastonsYSa-AA strain (Example 15) producing complex glycan 
structures was transformed with the plamid pPB140 (Table 12) containing a gene 



153 



wo 2004/074461 



PCT/US2004/005191 



fragment encoding the mouse GnTV catalytic domain (A45) ligated in frame to a 
targeting peptide derived from S, cerevisiae MNN2{s), Culture conditions were 
same as in Example 25. The K3 reporter protein from two transformants were 
analyzed using MALDI-TOF. A peak at 1559 m/z [y] is consistent with the mass 
5 of the glycan GlcNAc3Man3GlcNAc2 (Figure 48). A secondary peak at 1 355 m/z 
[u] is consistent with ttie mass of GlcNAc2Man3GlcNAc2. 

EXAMPLE 28 

P. pastoris Strain Producing Tetraantennary Structures on Glycoproteins 

10 [0416] P. pastoris PBP43 strain (Example 25) producing triantennary glycan 
structures (e.g., GlcNAcsManaGlcNAca) was transformed with the plasmid 
pPB140 (Figure 40B) encoding the mouse GnTV (Example 27). The vector 
pPB140 contains /ClA^ resistance marker and P. pastoris HISS gene as targeting 
sequence for genomic integration. 1 |ig plasmids were linearized with Kpnl, 

15 transformed into strain PBP43 by electroporation, selected on medium containing 
kanomycin and the resulting strains were screened by analysis of the released 
glycans fix)m purified K3. Culture conditions were same as in Example 25. 
Analysis of the K3 reporter protein by MALDI-TOF showed a predominant peak 
at 1747 m/z [s], which is consistent with the mass of the tetraantennary glycan 

20 GlcNAc4Man3GlcNAc2 (Figure 49). Hexosaminidase digest (See Example 15) of 
the resulting glycans showed mass of the peak corresponding to Man3GlcNAc2 
(data not shown). 

[0417] In a second experiment, P. pastoris YSH-44 was transformed with 
pPB128 and pPB140 (Table 12). Analysis of the transformants producing the K3 
25 reporter protein by MALDI-TOF showed a predominant peak at 1743 m/z [z], 
which is consistent with the mass of the tetraantennary glycan 
GlcNAc4Man3GlcNAc2 (Figure 50). 

EXAMPLE 29 

30 Cloning and Expression of GnTIX in P. pastoris 

[0418] The nucleic acid and amino acid sequences of the hmnan GnTIX 
(AB109185.1) are shown in Figure 45. The codon optimized DNA fragment 
encoding part of the human GnTIX lacking the TM domain (A43) was synthesized 
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from oligonucleotides using PGR (Figure 46). The DNA fragment encoding the 
GnTIX catalytic domain was Ugated in frame to a targeting pq)tide derived from S, 
cerevisiae MNN2(sy The resulting plasmid pPB176 (Figures 40C) was linearized 
with Ap/i/ and transformed in P. pastorisYSH-AA strain (Example 15) producing 
5 complex tetraantennary glycan structures. Culture conditions were same as in 
Example 25. The K3 reporter protein from a transformant was analyzed using 
MALDI-TOFMS. 
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We claim: 

1 . A process for making a glycoprotein in a lower eukaryotic 
host cell comprising the step of introducing into the cell an 
acetylglucosaminyltransferase activity selected from the group consisting of: iV^ 
acetylglucosaminyltransferase IV activity, an iST-acetylglucosaminyltransferase V 
activity, an TV^acetylglucosaminyltransferase VI activity; and an N- 
acetylglucosaminyltransferase DC activity wherein the glycoprotein comprises at 
least three antennae on the trimannose core. 

2. A process for making a glycoprotein in a lower eukaryotic 
host cell comprising the step of expressing in the cell one or more enzymatic 
activities that produce multiple antemiary 7\r-glycans comprising GlcNAc ^ 1,2 - 
Manal,6 (GlcNAc i81,4 GlcNAc /3 1,2 Manal,3) Man i31,4 - GlcNAc jS 1,4 - 
GlcNAciS 1 ,4 - Asn; GlcNAc /31 ,4 GlcNAc jS 1 ,2 - Manal ,6 (GlcNAc ^1 ,4 
GlcNAc jS 1,2 Manal,3) Man i31,4 - GlcNAc jS 1,4 - GlcNAciS 1,4 - Asn; and 
GlcNAc i81,6 GlcNAc /31,4 GlcNAc /3 1,2 - Manal,6 (GlcNAc i31,4 GlcNAc /3 1,2 
Manal,3) Man /31,4 - GlcNAc jS 1,4 - GlcNAcjS 1,4 - Asn structures. 

3. The process of claims 1 or 2, wherein the activity is 
substantially intracellular. 

4. The process of claims 1 or 2, further comprising the step of 
isolating the glycoprotein from the host cell. 

5. The process of claims 1 or 2, wherein the host cell is 
selected from the group consisting of Pichia pastoriSy Pichia finlandica, Pichia 
trehalophila, Pichia koclamae, Pichia membranaefaciens, Pichia minutia, Ogataea 
minuta, Pichia lindneri, Pichia opuntiae, Pichia thermotolerans, Pichia salictaria, 
Pichia guercuumj Pichia pijperiy Pichia stiptiSy Pichia methanolica, Pichia sp., 
Saccharomyces cerevisiaCy Saccharomyces sp., Hansenula polymorphay 
Kluyveromyces sp., Kluyveromyces lactiSy Candida albicanSy Aspergillus nidulanSy 
Aspergillus nigery Aspergillus oryzae, Trichoderma reeseiy Chrysosporium 
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lucknowensBj Fusarium sp., Fusarium gramineum, Fusarium vemnatunty and 
Neurospora crassa. 

6. The process of claim 5, wherein the host cell is selected 
from the group consisting of Pichia pastoris, Pichia flnlandica, Pichia 
trehalophila, Pichia koclamae, Pichia membranaefaciens, Pichia minutia, Ogataea 
minuta, Pichia lindneri, Pichia opuntiae, Pichia thermotolerans, Pichia salictaria, 
Pichia guercuum, Pichia pijperi, Pichia stiptiSy Pichia methanolicay and Pichia sp. 

7. The process of claim 6, wherein the host cell is Pichia 

pastoris, 

8. The process of claims 1 or 2 wherein ttie glycoprotein is a 
therapeutic protein. 

9. The process of claim 8, wherein the therapeutic protein is 
selected from the group consisting of kringle domains of human plasminogen, 
erythropoietin, cytokines, coagulation factors, soluble IgE recq)tor 0£ -chain, IgG, 
IgG fragments, IgM, uiterleukins, urokinase, chymase, urea trypsin inhibitor, IGF- 
binding prptein, epidemial growth factor, growth hormone-releasmg factor, 
annexin V fusion protein, angiostatin, vascular endothelial growth factor-2, 
myeloid progenitor inhibitory factor-1, osteoprotegerin, ot-1 antitrypsin, DNase H, 
Or feto proteins, FSH and peptide hormones. 

10. A lower eukaryotic host cell comprising an //- 
acetylglucosaminyltransferase IV, V, VI, or DC activity. 

11. A lower eukaryotic host cell comprising an JV- 
acetylglucosaminyltransferase IV activity and an N-acetylglucosaminyltransferase 
V activity. 

12. The host cell of claim 10 or 1 1, wherein the activity is 
substantially intracellular. 
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13. The host cell of claim 10 or 11, wherein the cell produces JV- 
glycans comprising GlcNAc2Man3GlcNAc2 structures that are capable of reacting 
with GnTTV, GnTV or GnT VI activity. 

14. A lower eukaryotic host cell comprising an iS^-glycan that 
comprises at least three GlcNAcs on a Man3GlcNAc2 oligosacchiaride. 

1 5 . The host cell of claim 1 4, wherein the iV-glycan contains at 
least 50, 60, 70, 80, 90 mole % or greater triantennary glycans. 

16. The host cell of claim 14, wherem the iV^glycan contains at 
least 70, 80, 90 mole % or greater tetraantennary glycans. 

17. A lower eukaryotic host cell comprising multiple antennary 
iV-glycans including GlcNAc jS 1,2 - Manal,6 (GlcNAc |31,4 GlcNAc /3 1,2 
Manal,3) Man /51,4 - GlcNAc )8 1,4 - GlcNAciS 1,4 - Asn; GlcNAc ^1,4 GlcNAc 
/3 1,2 - Manal,6 (GlcNAc i81,4 GlcNAc /3 1,2 Manal,3) Man |81,4 - GlcNAc 0 1,4 
- GlcNAc/3 1,4 - Asn; and GlcNAc /31,6 GlcNAc j81,4 GlcNAc 0 1,2 - Manal,6 
(GlcNAc i81,4 GlcNAc /3 1,2 Manal,3) Man j81,4 - GlcNAc ^ 1,4 - GlcNAc/3 1,4 - 
Asn structures. 

18. The host cell of claims 10, 11, 14, or 17, wherein the host 
cell is selected from the group consisting of Pichia pastoris, Pichiafinlandica, 
Pichia trehalophila, Pichia koclamae, Pichia membranaefaciens, Pichia minutia, 
Ogataea minuta, Pichia lindneri, Pichia opuntiae, Pichia thermotolerans, Pichia 
salictaria, Pichia guercuum, Pichia pijperi, Pichia stiptis, Pichia methanolica, 
Pichia sp., Saccharomyces cerevisiae, Saccharomyces sp., Hansenula polymorpha, 
Kluyveromyces sp., Candida albicans, Aspergillr^s nidulans, Aspergillus niger, 
Aspergillus oryzae, Trichoderma reesei, Chrysosporium lucknowense, Fusarium 
sp., Fusarium gramineuniy Fusarium venenatum^ and Neurospora a-assa. 

1 9. The host cell of claim 1 8, wherein the host cell is selected 
fiom the group consisting of Pichia pastoris, Pichia finlandica, Pichia 
trehalophila, Pichia koclamae, Pichia membranaefaciens, Pichia minutia, Ogataea 
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minuta, Pichia lindneri, Pichia opuntiae, Pichia thermotolerans, Pichia salictaria, 
Pichia guercuum, Pichia pijperi, Pichia stiptis, Pichia methanolica, and Pichia sp.. 

20. The host cell of claim 1 9, wherein the host cell is Pichia 

pastoris, 

21 . A lower eukaryotic host cell comprising a trimannose core 
(GlcNAcaManaGlcNAca) structure or a Man5 core structure 
(GlcNAcMan5GlcNAc2) modified by a GlcNAci81,4 or a GlcNAcj31,6 transferase. 

22. The host cell of claim 2 1 , wherein the cell produces greater 
than 70 mole % of the modified structure, 

23 . The host cell of claim 2 1 , wherein the cell produces greater 
than 90 mole % of the modified structure. 

24. A lower eukaryotic host cell comprising an iV- 
acetylglucosaminyltransferase I activity and an jV-acetylglucosaminyltransferase 
IV activity, 

25 . The host cell of claim 24, wherein the acti vities are 
substantially intracellular. 

26. The host cell of claim 24, wherein the cell produces N- 
glycans comprising GlcNAc2Man3GlcNAc2 that are capable of reacting with 
GnTV, GnTVI or GnTIX activity. 

27. The host cell of claim 24, wherein the 7V- 
acetylglucosaminyltransferase activities produces a multiple antennary glycan. 

28. A lower eukaryotic host cell comprising a GnTIV, V, VI or 
IX activity and a mannosidase n activity. 

29. The host cell of claim 28, fiirther comprising an //- 
acetylglucosaminyltransferase I activity. 
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30. The host cell of claim 29, further comprising an N- 
acetylglucosaminyltransferase n activity. 

3 1 . The host cell of claim 28, further comprising an iV- 
acetylglucosaminyltransferase I activity and aniV-acetylglucosaminyltransferase II 
activity. 

32. The host cell of any one of claims 1 0, 1 1 , 24, or 28 that is 
deficient in an 1,6 mannosyltransferase activity. 

33. The host cell of any one of claims 10, 1 1, 24, or 28 that is 
deficient in a Dol-P-Man:Man5GlcNAc2-PP-Dol mannosyltransferase activity. 

34. The host cell of any one of claims 10, U, 24, or 28 further 
comprising an ot-l,2-mannosidase I activity. 

35. The host cell of any one of claims 1 0, 1 1 , 24, or 28 further 
comprising a UDP-GlcNAc transporter. 

36. The glycoprotein made by the process of claim 1 . 

37. The glycoprotein made by the process of claim 2. 

38. The glycoprotein made by the process of claim 5 . 

39. The glycoprotein made by the process of claim 6. 

40. The glycoprotein made by the process of claim 7. 

41 . The glycoprotein made by the process of claim 8. 

42. The glycoprotein made by the process of claim 9. 

43 . A glycoprotein comprising at least three GlcNAcjSl ,4 
residues or at least three GlcNAci81,6 residues on a GlcNAcaManaGlcNAci core 
structure produced in a lower eukaryotic host cell. 
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44. A glycoprotein comprising a GlcNAc/31 ,4 residue attached 
to either Manal,3 or Manal,6 arm of the substrates GlcNAc2Man3GlcNAc2, 
GlcNAc3Man3GlcNAc2, GlcNAcMan3GlcNAc2, Man3GlcNAc2, 
GlcNAcMan5GlcNAc2 or a Man5GlcNAc2 core structure produced in a lower 
eukaryotic host cell. 

45. The glycoprotein of claim 44, wherein greater than 70 mole 
% of the core structures are modified by GnTIV. 

46. The glycoprotein of claim 44, wherein greater than 50 mole 
% of the core structures are modified by GnTV. 

47. A pharmaceutical composition comprising the glycoprotein 
of any one of claims 36 - 46. 

48. A vector capable of expressing GnTIV, GnTV, GnTVI, 
GnTIX activity in a lower eukaryotic host. 

49. A lower eukaryotic host cell comprising iV^glycans having at 
least two GlcNAc residues on either the Manal,3 or Manal,6 aim of the 
trimannose core ohgosaccharide intermediate. 

50. The lower eukaryotic host cell of claim 49, further 
comprising two GlcNAci31,4 residues on the Manal,3 and Manal,6 arm of the 
trimannose core oligosaccharide intermediate. 

5 1 . The lower eukaryotic host cell of claim 49, further 
comprising two GlcNAcjSl,6 residues on the Manal,3 and Manal,6 arm of the 
trimannose core ohgosaccharide intermediate. 



161 



wo 2004/074461 



PCTAJS2004/OOS191 



1/68 



[Mana1,2-Mana1,6 

ER 



I Mana1,6\ 
<Mano1,2-Mana1..3^ \ 



^Man pi.4-GlcNAc pi.4-acNAcpi-Asn 



Man a1.24i«an o1.2^an ol.3 ^ |Man9GicNAC2 

I a'1.2 mannosidase 

Man al,6v 
Mana1,3-^ \ 



^Man a1,2-Mana1,6 \ 



^Man p1.4-GlcNAc p1,4^lcNAcpi-Asn 



GOLGI< 



Man oi;2-Man a1,24«an o1.3 ^ [Man3GicNAc2 

I a-1.6 mannosvttransferasefsl 
ManoU-Mana1,6>^ t — ' ^ 

Man a1,6v 

Man a1.3 ^ \^^^ p1,iW5lcNAc pi,4-GlcNAcpi-Asn Initiating 1.6 

Man a1.2-Man o1,2.Man o1 ,3 ' 
I 

Man a1.6 

I 0-1.2 mannosvltransferase(s) 

Mana1,2-Man a1,6 \ 

Mano1,6y 

Man a1.3^ \^^^ pi,4-GlcNAc p1.4-GlcNAcpi.Asn 

Man a1,2-Man a1,2-Man a1,3 



I 



Hypermannosylaled N-Glycan 



Man a1.2-Man a1,2-Man a1,6 
Man a1,2-Man a1,2-Man a1,6 

Man o1.2-Man o1,2-Man al.6 ■ a.1.3mannosvltransferasefs^ 

I mannosvlphosphate transferasefs) 

Mana1,2-Mana1,6>s 

Mano1,6v 

Man a1.3 ^ pi,4-6lcNAc pi.4^lcNAcp1-Asn 

Man a1,2-Man a1,2-Man a1.3 
Man a1,3^04-Man a1.2-Man a1.2-Man a1,6 
Man a1,3-Man a1.2-Man a1,2-Man a1,6 
^ Man a1,3-Man a1,2-Man a1.2-Man a1.6 



Hypermannosylaled N-Glycan 



F/6. M 



wo 2004/074461 PCT/US2004/OOS191 

2/68 



"Man a1.2-f*1an a 1,6 



Man a1.5\ 

Man a 1 .2-Man a1 .3 \^3„ _4.gicNAc pi .4.GlcNAcp1'Asn 

Manol.2-Manal.2-Mana1.3/ • |ManQGIcNAc2 



/ I a-1.2 mannosidase 

Mana1,2-Mana1,6 \ ▼ 

Man a1.6 



Man a1,3 ^ p1,4-GlcNAc pi.4^lcNAcpi-Asn 

Man a1,2-Man a1,2-Man a1,3 



Man8GlcNAc2 



Mano16\ \ "^'^ niannosidases f lA. IB. IC) 

Mano1,6\ 
Mano1,3-^ \ 



/Man pi,4-GteNAc p1,4^lcNAcp1.Asn 

Mana1,3 



Man5GlcNAC2 



Manol.Bv. \mMl^ 
Mana1,6v 

Man ol.S'^ \^g^ pi.4-GlcNAc p1,4-GlcNAcp1-Asn 



GlcNAc p1.2-Man a1.3' GlcNAcMangGlcNAc2 

I mannosidase H 

Mana1.6\ 

^Man pi ,4-GlcNAc pi .4^lcN Acpi-Asn 



GOLGk 



GlcNAc pi,2.Man al/ GlcNAcMan^lcNAc2 



GlcNAc pi ,2 ^ B1.2 GnTH. B-1.4 G nT E p-1 .4 GnT S 

GlcNAc 61 4 ^'^^^^'^ 

^ ; ^Man pi,4^lcNAc p1.4-GlcNAcpi-Asn 



GlcNAc pi.4-^^3„^^ 3 

I 61.4 GalT 



GlcNAc pi,2^ 



Complex Glycoprotein 



Gaipi,4-GlcNAcp1,2^ 

• ^ P ' )Man pi,4-GlcNAc pi,4-GlcNAcpi-Asn 

Galp1.4-GlcNAcp1.4^,. 

.Man al,3 

6aipi.4-GlcNAcp1.2< 



Complex Glycoprotein 



I a2.3 ST. a2.6ST 
NANA Gal pi.4-GlcNAc pi,2 >^ ♦ 

NANA Gal pi .4.GlcNAc pi .4 ^^^"^ "'^'^X 

^ ;Man pi.4-GlcNAc p1.4-GlcNAcpi-Asn 

NANA Gat pi,4-GlcNAc P1.4-^^ ^ 3 / 



NANA Gal pi.4-6lcNAc pi .2'^ 



Complex Glycoprot^n 



F/6. m 



wo 2004/074461 



PCT/US2004/0OS191 



NoU 

\ 



3/68 

AscI ASCi 



PCR Fragment of Leader 
+ 



PCR Fragment of Cat. Domain 
+ 



Pad 





TOPO Cloning 



i 



NotI 




CYC1 

JT GAPOH 

Pronr^ • 

Pad- 

Ascl NoU . 
Ingest with Ascl and Pad ( 

0 



EcoNI 



Nhel 



pUC on Leader ^<^Asc1 
Leader Library Ji 



Digest with NotI and Ascl 



FIG.2 





w CYC1 n 

W\ Cat. 
Pad Domain GAPDH 
^\ Prom., 



Asd NoU 



Asd 



wo 2004/074461 



PCTAJS2004/005191 



4/68 



• ^ 

(30 



« 

CP 



u 

57> 



u 
u 

CO 
u 

0» CO 

(0 

u 

u U. 

u 

4J -J 

u 
o 

4> ^ 



u 

(0 



U 

« 

o < 

So 

O 

4J 
D 

»a 

o 

*i -I 
o 

o 

m 

o 

0 

0 < 

t> 

9 CO 
II 

o 

> 

x> 
u 

Ok 

u 

o 

CI 

o 
o» 

<0 UJ 

u 

O I- 

ce 
u 

u 

u 
u 

u 
u 

u a 
u 

U CO 



cr 
u 

u 
p> 

o» 

^ a 

u 

« 

!2 z 

U 

« lU 

^< 

u 

u a 

« O 

u 



u 

u fi. 

u 
u 

U CO 



u 

XT 



CO 



CO 



u 
u 

10 



« U) 



u 

10 

a 
cr 

u 
u 
u 

10 

cr O 



UJ 



e ^ 
c 

9 lU 

u 

4J .J 

u 

C 

So 

D> DC 

So 

u 
u 

« 

« UJ 

OJ 
0« 

« UJ 

o» 

U 0. 

u 

u 
o» 

< a 

u 



u 
u 

U H 
<0 

43 Ui 

Q ^ 
(9 

u 

^< 

<o 

<o UJ 

o> 

o» 

^ . S 

(0 UJ ^ o < 



u 

40 Q> 

? UJ E 

• Q. 
> 

u 

u 
u 

U CL 

U 

D» 

4J ^ 

u 
u 

u u. 
w 

*^ > 

u 

u a 

u 
o» 

^ C!) 
o 



> S5 
E 



UI 

filO 

0 a 

4i u o. 
V in 

U CO 
*i u- X) 



u 

iJ 

ro O 

cr 

(0 UJ 
u 

a e> 



a* tC 

« UJ 
u 

o X 

u 

u 

Q 
40 

40 UJ 

U 

u 

iJ — 

40 



U -J 

U 

09 O 

o» 

D» 

re ^ 

40 

CO O 
U 

o* 

*J -J 

u 

40 O 

u 

40 O 

*^ > 

cr 

40 b( 

40 

40 

CO UJ 



U 
9 

u < 

u 
u 

10 

m > 

« 
n 

O < 

Ok 

U 

Q X 
O 

o 

O H 

ft 

l> 

^ 2 

40 

o» 

<o UJ 
o« 

CO 

Q ^ 

o 
u 

CO 
D> 

CO ^ 
CO 
40 

u 

IT 

40 

10 

on 
40 

o- 

O' 

u 
u 

(0 

u 

u 
u 
Oi 
u 

40 

o* 

JJ 

u 
cr 
u 



UJ 



CO 

CD 



S S 3 &> 



en 



r>4 



« m o 
p' rsi r» m 
/n ^ V « 



wo 2004/074461 



PCT/US2004/005191 



5/68 





19 2 


0> 




41 -J 




9 


4 2i: 






41 > 




9 


fl 0 


II 








■ UJ 






4^ —J 


9 


4 


9 ^ 






41 ^ 


u 








m U 


41 










0 CO. 


9 . 




u < 


4J 


41 


P < 


41 








4^ «fc 


If 


9 






4» 


4 X 




9 


4 > 


u 


9 


4 > 


fl 




fl 






km 


M 


4J ^ 


9 


4 




fi 


41 


41 


4 


41 


P CL 


4 






9 


9 > 






*» > 


0 




9O 


19 




4 UI 






9 




19 a 




4l 


9 W 


4 


9 


P < 


w 




P H 


0 


p) 


9 CO 




4 


<i 




U CO 


41 


9 


*1 ^ 


41 


9 


D ^ 






4 > 


n 

9S 


fl 


41 «1 


C X 




19 




ri A 


41 


4 


4 Z 






4 0 












M 


41 —J 




U 


41 U» 


4 


P 


:u, 


V 


M 
»^ 


9 C£ 


'41 




4 Ui 




9 


19 


4l 


41 mj 




41 


9 B. 


41 


9 




4 


n 
V 




Q 




41 «J 


10 UJ 


O H 


41 


41 


41 • 




P 


4 X 


P 


4 






4* 






ft 


9 


tl 


19 > 


41 


M 


2 UJ 

19 


41 


P 


41 ^ 


P 


9 


m ^ 


■m 
9 




9 u> 


fl 


4 

4 ^ 




41 


19 > 




9 


41 — • 


4 


P 


4 > 


Sea 


4 


4 a» 




P 


4 U 


« 


0 < 


M 


41 


9 O 


0 


4 


4 Q A* 


41 


9 w 


41 


4 


* > 


P 


9 






19 ^ 


V 


9 


P < 


4 


0 


4 O 


9 


9 


4 ^ 


4 


41 


P < 


4I 






19 


n > 


41 


9 


'4 X 


41 


9 


P H 


41 


41 


4 ■*» 


P 


9 


4 U 


9 




49 


41 


0 CO 


9 


4 


90 


4 


4 


41 «J 


4I 


9 


P ^ 


41 


9 


4 0 


pi 


19 ^ 


0 


41 


41 -J 


9 


9 


P H 


4 


P 


P CO 


41 


4 


4I 


41 


9 


« 


19 


u < 


0 


P 


*^ 2 


9 ^ 


4 


41 ^ 


4 


4I 


4 Z 


9 


4 


4 IJ 


*J 


N ^ 


41 


9 


u a. 


P 


4 




9 


P 


P < 


4 


4 


9 K 


P 


9 


AJ — 


II 


41 — 


« 


u 


41 


4^ 




4 X 


i« 


9 


^ III 
4 •*! 


4 


4 


4 >• 


P 


IQ 


0 


19 


U CO 


41 


m 


41 > 


9 


4 


9 


41 


9 


4 ^ 


P 


4I 


CJ vj 


4 UJ 
9 






41 


0 H 


41 


9 


4 O 


P 


9 


41 u. 


4I 


P 


4 > 


41 


41 


« 


o5 


9 


« 


9 CO 


9 


P 


fl o 




41 


4 X 


9 


41 


4* > 


41 




u 


41 


41 «J 


41 


19 


4 )C 


4 


9 


9 V7 


9 


P 


9 K 


9 


9 


LA 

41 


4 X 


« z 




0 


19 X 


0 


4 


9 O 


41 


9 


^ 2 


41 


4 


4 X 


41 


41 


4 


11 


U CO 


9 


U 


9 CO 


4 


9 


P CO 


4i 


4 


9 0 


9 


4 


4 0 


4 


9 




41 


41 .J 


41 


11 


4 UJ 


4J 


4J 


9 CO 


p 


4I 


P H 


P 


9 


4I 


4 X 




a 


0 


41 U. 


P 


9 


9 CO 


9 


4 


9 W 


41 


4 


P CL 


9 


4 


10 


o 


a ^ 


^ rn 




CP O 


P 


0 


41 2 


a 




P K 


P 


P 




9 


9 _ 
Q 0 


4> 


£3 




a 






41 


a 


P CO 


r3 


0 


P <^ 


P 


P 


^ -J 


U 




41 








C:^ 


CI €0 






an ft) 

9 


P 


CP 


ij U 




41 




4i 


0 < 




9 


9 W 


41 


e 


41 ^ 


9 


9 


9 C 


4I 


9 


41 «J 


P 


Q UJ 


D 


9 


9 O 


41 


9 




p 


41 


4 X 


4 


P 


4I 


P 


41 


4 ^ 


9 




ff 


9 


U (QL 


41 


41 


P Q. 


9 _ 


4 


P < 


P 


4 


4 i4. 




41 


iJ 

9 CC 

U 




« lU 


U 


o 


P CO 


P 


P 




P 


9 


CI ^ 




P 


9 W 


9 






*i > 


•1 


4l 


4* > 


P 


41 


9 K 


41 


9 


W ^ 




9 


a1 -J 


U 


t> CO 




9 


4> —J 


P 


9 


4 Z 


9 


P 


41 


4I 


9 


P r" 


4 


*| 


4J .J 


« 


19 O 


0 


0 


P < 


4 


4 


P < 


P 


41 


4I 


4 


4 


P CO 


41 


u 


0 


O 


4> UL 


9 


9 


P (L 


9 


9 


4l 


p 


4 




9 




If ^ 






41 


4-9 


4l —1 




P 


4J ^ 


9 


4 


9 w 


4 


9 


41 mJ 


P 






^3 


X* 






P 


0 






4I 


n tU 
UJ ■** 


IP 


tl 


10 <^ 


o« 


liO 


0 


4i 




o 


41 


(-1 ^ 


41 


0 






IT-, 


*** ^ 




41 


C3 ^ 


41 


O CO 


a 






P 


Ci 


t3 > 


41 


4I 


u r~ 








P 


Q 


0 & 


4i 


^ III 


Q 


0 


P 0» 


f3 


4) 


41 ^ 


P 


(3 








9 0 


9 


g 






41 


f3 


P 




u 






9 








9 


41 -J 




H X 


41 


N 


> 




9 


4 Z 


9 


p 


4* "* 


So 


9 


^ > 


C3 


Q 


41 U- 


0 




0 


9 


* > 


4 


4 


41 -J 




ft 








9 0 


fl 




0 


4 


4 z 


9 


41 




41 


41 


p 


P 




^ w 






P \^ 




» o 




n 


9 Vl/ 


P 


41 


P Q. 


41 


4 


fV ^ 


p 


9 


** «c 




J? 


P OL 


& 


19 ^ 


0 


9 


4 Z 


■4 


P 


4 > 


?iiJ 


P 


41 —J 




4 


4 Z 


9 


ft 
w 






41 > 


4l 


4 


41 J 


41 


4J 


4 141 


P 


P 


H u 


ft 


4 


If *** 




M W 


x> 


9 


4l «J 


9 


4l 


4 > 




9 


9 w 


4 


9 


if ^ 


9 


9 


If JU 


Di 


41 2 


2 UJ 


t) 


•9 K 


P 


41 




P 


9 


m HI 
4 *** 


4* 


4* 


4* 


4 


n 


19 


19 




19 


P 


n X 


41 


9 


41 


9 


9 


4* 


9 


9 






19 ^ 


0 


9 


^ III 

n ui 


9 


p 


4J -1 


41 


4 




41 


41 


XI ^ 


4 


9 


u ^ 
w ^ 


19 




41 


9 


9 wl 


p 


P 


4 > 


P 


4 


41 


4 


4 




9 


9 


II 




41 tU 


9 


9 


P CO 


P 


41 


P ^ 


9 


P 


9 iLi 


P 


4 










41 


At ^ 
*l ^ 


P . 


41 


90 


41 


9 


if & 






4 ^ 


u 




« u> 


4^ 






9 


41 




9 


41 






4 ^ 




4J 


9 0 


0 


t> 


19 


19 


*1 ^ 


4 


4 


4^ ^ 


4 


41 


4 u 


P 




^ It 


4 




41 It 


g 


4i — 


41 


9 


P < 




41 


4 Ui 


P 


p 


4 X 


P 


41 


P H 


P 


41 


U K 


19 


41 ^ 


41 


9 


9 O 


P 


9 


9 fO 


41 


P 


4 X 


9 


4 


4 X 


P 


4 


41 


19 


0 (0 


m 


9 


4 X 


4 


4 


> 


4 


P 


P < 


Ju. 


P 


41 U.. 


P 


0 0. 


0 


41 


m ^ 


41 


P 


p a. 


P 


9 


4 UJ 




9 




41 


41 


4 Z 


0 


41 U» 


41 


« 


9C0 


9 


p 


4 O 


41 


- 9 


:o 


4 


9 


9C0 


4^ 


4 


« 


41 


4^ > 


9 


4 


s 


4 


9 


P < 


9 


p 


4 UJ 


P 


4 


9 CO 


P 




4> 


9 


19 X 


4 


4 


4 X 


4 


9 


41 -1 


p 


9 


41 — 


4 


4 


41 U. 




41 *J 




t$ 


4 X 


41 


4 


90 


41 


P 


p < 


9 


4 


4 UJ 


4 


41 




0 




H 


4 


41 U. 


P 


9 


4 0 


P 


9 


P (L 


P 


9 


4 0 


P 




0 


9 


9 


9 


41 


4 O 


41 


9 


** -1 


9 


P 


41 > 


4 


P 


41 — 


p 


0 H 


4) 


P 


^ s 


9 


9 


41 «J 


41 


P 


9 cr 


4 


9 


4J -1 


9 


4 




19 


0 < 


41 


4 


4 UI 


9 


P 


** u. 


P 


p 


9O 


9 


P 


4 0 






4l 


9 


41 lb. 


41 


9 


41 -1 




41 


9O 


p 


9 


4 UJ 


41 


P 


9 5 




« O 


41 


41 


4 Z 


4 


P 


to 


41 


9 


p < 


9 


9 


P < 


P 


41 


0 


9 


19 Z 


19 


4 


41 —J 


A 


9 


4 > 




9 


41 ^ 


P 


9 


41 > 


P 


19 Z 


t> 


19 


41 — 


9 


41 


4 X 


4 


41 


lo 


4 


41 


P Q. 


9 


9 


4 X 


fl 


41 -J 


9 


19 


41 -J 


41 


4 


90 


9 


9 


4 UJ 


9 


P 


4 UJ 


41 


P 


Di 


U 


4i > 


9 


P 


4 X 


P 


9 


41 5 


9 


9 


4 X 


9 


9 


4 0 


4 


41 -1 


u 


9 


19 Ui 


9 


P 


4 Z 


41 


4 


4 X 


9 


4 


9 C 


9 


9 


4 UJ 


4f 


0 < 


4> 


9 


41 -J 


9 


4 


41 > 


9 


4 


p & 


9 


(} 


4i > 


P 


9 






A 








A 








A 




A 


A 






in m 


r- «0 


0> r> 




m CP 




r- « 


Ck O 


i-i r- 






r- a» 






m — ' 


' «n 0% 




n « 




o o 


CD ex 


vD in 


7 CD 






o% «> 




in 






0 0 


CD IM 


to (N 


P- CM 






0k m 


o 


m n 






r» 




»n *n 


vD «n 


p* »n 


0 vo 


OD <0 



wo 2004/074461 



PCTAJS2004/005191 



6/68 




Sad 



I Sacl/Sall Digestion 




Ligation 



BamHI 
Sail 



BamHI 



I BamHI/Sall Digestion 



Sad 




Ligation 



BamHI 



[ BamHI/BglD Digestion 
Ligation i 




KEX5' 



Sail 



SacI/Sall Digestion 



KEX3' 



Sail 



BamHI/Sall Digestion 
Bgin 




, BamHI 

jBamHl/BglU Digestion 



wo 2004/074461 



PCT/US2004/005191 



7/68 



BamHI 




BamHI 



GAPDH Prom. 



SphI 
-J 



[ BamHI/Sphl Digestion 



BamHI/SphI Digestion 



BamHI 




Ligation 



NotI 
V"SpeI 
SphI 

Spel/SphI Digestion 



Nhel 
U 



CYC1 TT 



SphI 
-J 



I Ligation 



Nhel/Sphl Digestion 



BamHI 




wo 2004/074461 



PCT/US2004/005191 

I 



8/68 



Sad 




BamHI | Sall/Spel Digestion 



EcoRI 



Ptnel 




Ligafion 



Pmel 



Spel BamHI 



Pmel/EcoRI Digestion 



T 



OCH 5' 



Spel 



Sall/Spel Digestion 



EcoRI 



Pmel 




Spel BamHI 



OCH 3' 



EcoRI 



Pmel/EcoRl Digestion 



FIG. 4C 



wo 2004/074461 



PCT/US2004/005191 



9/68 




wo 2004/074461 



PCT/US2004/00S191 



10/68 



EcoRl 




NoH .Pmel/Afin Digestion , Sacl/SphI Digestion 

I T4DNA Polymerase JT4 DNA Polymerase 

I Ligation 




FIG. 4E 



wo 2004/074461 



PCT/US2004/005191 



11/68 



Sad 



BamHI 




P.P.HIS4 



Swal 
-J 



NgoMIV/Swal Digestion 
T4DNA Polymerase 



EcoMI PstI 



EcoRI Pad 



Nott Swal 

1 ,1 ' 



Asd 

L_ 



i 



Notl/PacI Digestion 



I Ligation 



Anneal Complimentary 
Oligonucleotides 



FIG. 4F 



Pad 




.Nhel 

P.P.HIS4) J Sail 

EcoNI 



CYC1 TT 
iJS.GAPDH Prom. 



AscI 



'NotI 



wo 2004/074461 



PCT/US2004/005191 



12/68 



a 



AlPlliHrtllliH 



860 1280 1710 2140 2570 3000 

d 



g 




B 



850 1280 1710 2140 2570 3000 
C 



850 1280 1710 2140 2570 3000 

b 




1000 1400 1800 2200 2600 3000 

b 



li<iliiJi»ilJLJi.l^ 



1000 1400 1800 2200 2600 3000 

Mass (m/z) 
Fig. 5 



wo 2004/074461 



PCT/US2004/005191 



13/68 



Fig. 6 



(/) 
C 
0) 

c 




,^J000 1400 1800 2200 2600 3000 
100 t5 

80 



60 
40 

20 

0 L 

850 

100 
80 
60 
40 
20 

0 

850 



c 

I d 



1280 1710 
b 



2140 2570 3000 
f ■ 




1280 1710 2140 2570 3000 
Mass (m/z) 



wo 2004/074461 



PCT/US2004/005191 




wo 2004/074461 



PCTAJS2004/OOS191 



15/68 



35 -1 
30 4 



l25 

I 15 
10 
5 




b 
I 



FIG. 8A 



0 10 15 



■ I ' 1 ■ I ' 1 ■ I ' I I ' ll' ' 
20 25 



30 



500^ 



5^400 -i 
E 

^300 A 
-I 200 -3 



100 -! 

0-^ 



■+-«♦- 



I ■ I ' 1 ' 1 ' I- 
0 10 




FIG. 8B 



I ■ I ■ 1 ■ I ■ I ' I ' I ' I ' f 
15 20 



•• I ■ I ' I ' I 'M •{ 

25 30 



600 i 
^ 500 i 
f 400 ^ 
I 300 4 
200 J 
100 4 
0 



a 



0 10 



FIG. 8C 



15 



I ' t ' i ■ I ■ i ■ 1 — I ' 1 ' I ' t 
20 25 30 



Retention Time (Min) 



wo 2004/074461 



PCT/US2004/00S191 



16/68 



500 r 



400 i 

f 

^300 - 

'53 

c200 -4 



100 - 
0 



FIG. 9A 



.Nl. . 



0 

700 -1 

600 
I" 500 
^400 H 

In 

I 300 H 
c 

200 

1 

100 -j 
0 



ri ' i ' i-i ' i I ' l 1 I I I ' M I ' l ' i ' i i ' i I'M I'l'.'l ' ' ' ' 1 
5 10 15 20 25 30 35 40 




J 



FIG. 9B 



0 

700 

600 H 
> 500 - 
i^400 - 
1 300 - 

200 



ri ' i ' i ' i ' i ' i t ' l I' l ' i l ' » I ''' I' ' * ' I ' l ' l ' i ' ' ' ' ' ' I '' ' I 

5 10 15 20 25 30 35 40 



100 - 
0 



FIG. 9C 



,,. , . , . | . | . | . | , |.| . , . | |. , t - piTl ' l I'l 'l ri ' I ' f 1 T l'pi'l'l I I MI'I'I 1 

0 5 10 15 20 25 30 35 40 

Retention Time (Min) 



wo 2004/074461 



PCT/US2004/005191 



17/68 




3000 



850 



1280 



1710 2140 
Mass (m/z) 



2570 



3000 



wo 2004/074461 



PCT/US2004/005191 



18/68 




wo 2004/074461 



PCT/US2004/005191 



19/68 



FIG. 12A 



90 




CO 




c . 












30 




0 1— 


650 


90 


1 




^ 40 

30 

20 

10 

0 U 
849 



1319.4 1789.8 2260.2' 
Mass (m/z) 



2730.6 



3201.0 



wo 2004/074461 



PCT/US2004/005191 



20/68 




FIG. 13 



wo 2004/074461 



PCTAJS2004/005191 



21/68 
Lipid-linked N^glycans 



m ■ I 



1 1. % i< 

-T- 



I 



|i 11 



- u • 

-6- 
I 

« 

t 



FIG. 14 



3 



-8 




wo 2004/074461 



PCT/US2004/005191 



22/68 




o JB (Ml ILo OfrinAin 



Tvibtt 

pSdMiflf to 



a 




o 




a 








a 




• 




'O 









FIG. 15 



wo 2004/074461 



PCTAJS2004/005191 



23/68 



ALG3 Blast 05-22-01 



Sequences producing significant aXignmencs: 

gi I 586444 I sp I P38179 1 AIX53_yEAST DOLICHYL-P-MANzMAN {5) GLCNAC { 



(bics) Value 



gi i 3024226 | sp 1 092685 | ALG3_KUMAN 
gi 1 3024221 1 sp | Q24332 | MT56_DR0V1 
gi 1 3024222 | sp | Q27333 | KT56_DROME 
gi 1 10720153 | sp | P82149 1 NT53_DROME 
gi 1 1707982 | sp | P40989 | QLS2.7EAST 
gi 1 1346146 1 BP 1 938631 1 GLSl.YEAST 

Alignments 
Yeast 



DOLI CHYL- P - MAN : MAN { 5 ) GLOJ AC . 
LETHAL (2) NEIGHBOUR OF TID P. 
LETHAL (2) NEIGHBOUR OF TID P. 

LETHAL (2) NEIGHBOUR OF TID . 
1,3*B£TA-GLUCAN SYNTHASE CO. 
1,3-BETA-GLUCAN SYNTHASE CO. 



.797 
. .173 
, .145 
. .121 
. .121 
32 
. . 31 



0.0 

7e*43 

3e-34 

3e-27 

5e-27 

2.8 

6.6 



>gi 1 586444 1 sp I P38179 1 ALGS^YEAST DOUCHYL-P- 
MAN:MAN(5)GLCNAC(2)-PP-DOUCHYL MANNOSYLTRANSFERASE 

(DOL-P»MAN DEPENDENT ALPHAC 1*3 ) -MANNOSYLTRANSFERASE) 
(KN-1 KILLER TOXIN RESISTANCE PROTEIN) 
Length o 458 

Score a 797 bits (2059), Ejqsect ° 0.0 

Identities » 422/45S (92%), Positives » 422/458 (92%) 

Query s 1 MEGEQSPQGEKSLQRKQFVRPPLDLWQOLKDGVRYVIFDCRANLIVMPLLILFESMLaa 60 

MEGEOSPOGEKSLORXQPVRPPLDLWODLKDGVRYVIFDCRANLIVMPLLILFESMLCKI 
Sbjct: 1 MEQEOSPQGEKSI^RKQP\niPFU>LWODLKDGVRYVIFDCRANLIVMPLLILFESMLCKI 60 

Query: 61 IIiaWAYTSIDYKAYWEQIEMIQIJXa^-iUJYSOVSGGTGPLWPAGHVLIYKM^ 120 

IZKKV'&YTEIDYKAYIiaE0IEI4I0LDC^UJ)YSQVSGGTGPLVYPAGH\^IYK^^ 
Sbjct 1 61 IIKKVAYTEIDYK^YI^QIEtllQLDQ^YSQVSGGTGPLWPAGHVLIYlO^^ 120 

Query t 121 DHVERGQVFFRYLYLLTIJ^MACmiiHLPPWCmACLSKRLHSIYV^ 180 

DHVERGOVFFRYLYLLTIALQMACrniaiLPPWC\nrLACLSKRUISIYV^ 
Sbjct: 121 DHVERGQVFFRYLYX^TLALQMAarn^LKLPPWCVVIACLSKRLHSIYV^ 180 

Query: 181 FMVVTVLGAIVASRGHORPKLKKSLALVISATYSMAVSIIMJALLYFPAMMISLFILNDA 240 

FMWTVLGAI VASRCHQRPKLKKSLALVl SATYSMAVS I KMNALLYFPAMMI SLFILNDA 
Sbjct! 181 FMVVTVLGAIVASRCHQRPKLKKSLALVISATYSMAVSIIO^ALLyFPAMMISLriLND 240 

Query* 241 NVILTLLDLVAMIAWQVAVAVPFLRSFPQOYLHCAFNFGRKFMYOWSINWQMMDEEAFND 300 

NVILTLLDLVAMIAWQVAVAVPFLRSFPQQYLHCAFNFGRKFMYQWSINWQMMDEEAFND 
Sbjct: 241 NVILTLLDLVAMIAHQVAVAVPFLRSFPQQYLHCAFNFGRKFMYQWSINWQMMDEEAFND 300 

Query: 301 KRFXXXXXXXXXXXXXXXFVTRYPRILPDLWSSLCHPLRKNAVLNANPAICTIPFVLIASN 360 

IGIF FVTRYPRILPDLWSSLCHPLRJCNAVLNANPAJCTIPFVLIASN 
Sbjct t 301 lOlFKLALLISKLlALrTLFVTRYPRILPDLHSSLCHPLRXNAVLNANPAKTIPFVLIASN 360 

Query: 361 FIGVLFSRSLHYQFLSWYH>nrLPILIFWSGMPFrVGPIVrm*HEVICWNSYPPNSOXXXXX 420 

FIGVLFSRSLKYQFLSWYHWTLPILIFWSiWPFFVGPItfYVLKEWCWNSYPPNSQ 
Sbjct: 361 FIGVLFSRSLHYQFLSHYHWTLPILIFWSGHPFFVGPIHYVLHEWCWNSYPPNSQASTLL 420 

Query: 421 XXXXXXXXXXXXXXXXSGSVALAKSHLRTTSSMEKKLN 458 

SGSVALA2CSKLRTTSSMEXKLN 
Sbjct: 421 LALNTVU«LLIJa«TQX^6SVALAKSKLRTTS5HEKKLN 458 



FIG. 16-1 
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Hxman 

>gi| 3024226 I sp 1 092685 iAlA33_HUMAN TOLICKYw-P-MANiMANlS }GwCKAC{2) -PP-CCl-ICKVl 
MAKNOSYLTRAMSFERASE 

(DOL-P-MAN DEPENDENT ALPHA { 1-3 ) -MANNOSYIL-TRANSFERASE) 

(KOT56-LIKE PROTEIN) 
Length « 438 

Score - 173 bits (439), Expect • 7e-43 

Identities • 133/396 (33%), Positives • 195/396 (48%), Gaps - 28/396 (7%] 

Query: 26 WQDLKDGFNOiyVIFDCRANLIVMFLLILFESMLCiaiXKKVAyTC 85 

WO* R <f<f R IrfV L L E ♦ +1 ♦VAVTEID+KAVM **Z ♦ 

SbjCt: 29 WQER RLLLREPRYTLLVAACLCLAEVGITFWVIKRVAVTEIDWKAYMAEVEGV-IN 83 

Query I 86 GMLDYSQVSGGTGPLVYPAGHVLIYKI'emniTEGMDHVERGQWrRYLniLTUaOMACT 145 

G DYi-Q'*' G TGPLVYPAG V ♦Y^ T ♦ Q F LYL TL L Y 

Sbjct: 84 GTYDYTQLQCTTGPLVYPAGFVYIFMGLYYATSRGTDIRMAQNIFAVLYLATLLLVFLIY 143 

Query: 146 Y-XJuHLPPWC-VVlACLSKRLHSIYVLRLFNDCrrTLFMVVTV^ 203 

+ ♦PP* ^ C S R+HSI+VLRLFND ♦ + ♦L + QR 

Sbjct: 144 HQTCKVPPFVFFFMCCASYRVKSIFVLRLFNDP VAMVLLFLSINLLLAQRWGWG- 197 

Query: 204 SLALVISATYSMAVSIJWNAIiYPPAMMISLPILroANVILTLLDLVAMIAWQVAVAVPP 263 

•*>S4>AVS4>{MI LL4- P*»>4>L LL4>A4>QV4<^PP 
Sbjct: 198 CCFFSLAVSVWNVLLFAPGLLFLLLTOFGFRGALPKLGICAGL--QVVLGLPF 249 

Query: 264 LRSFPQQYLHCAFMFGRIOmYQWSlNWQriMDEEAFOTKRFXXXXXXXXXXXXXXXFV^ 323 
L P YL ♦F'^ GR'^F** W^+NW-*- ♦ E F ♦ F ♦ R* • 

Sbjct: 250 LLEKPSGYLSRSFDLGRQFLFHWTSmWRFLPEALFLKRAFKIJaiLTAKLTLI^LPALCRW 309 

Query: 324 PRILPOLHSSLCKPLRXNAVLtlANPAICriPFVLIASKFIGVLFSRSLHYQFLSWYHWTLP 383 

R -t-SLP** XL SNFIG* FSRSLHYQF WY TLP 

Sbjct: 310 HRTGESILSLLRDPSXRKVPPQPLTPNQIVSTLFTSNFIGICFSRSLHYQFYVWYFHTLP 369 

Query: 384 ILIF WS®*tPFFVGPIlfYVIiHEtJCTJHSYPPWS €l<! 

L^f W ♦ + + E VJKfYP S 

Sbjct: 370 YLLWAMPARVn:iTKLLRLLVLGLI--ELSVIKTYPSTS 403 

Drosophila Vi 

>9i|3024221|sp|024332|NT56_DROVI LETHAL ( 2 ) NEIGHBOUR OF TID PROTEIN (NOTSB) 
Length • 526 

Score ■ 145 bits (366), Expect - 3e-34 

Identities • 103/273 (37%), Positives . 157/273 (56%), Gaps « 17/273 (6%) 

Query! 33 VRVVIFDCRANLIVMPLLILFESMLCKIIIKKVAYTEIDYKAYMEOIEMIQLDGMLDYSQ 92 

++Y+ F+ A IV L*+L f+I-^+V YTEID^KAYM-^* E L-^G 4YS 

Sbjct: 34 IKYLAFEPAALPIVSVLIVLAEAVINVLVIQRVPYTEIDWKAYMQECEGF-LNGTTNYSL 92 

Query: 93 VSGGTGPLWPAGHVLIYKMMYWLTEGMDHVERGQVFFRYLYLLTLALQMACYYLLH-LP ISI 

♦ G TGPLVYPA V lY ♦Y+LT *V Q ? ♦YLL ♦ L ♦ Y 
Sbjct: 93 LRGDTGPLVYPAAFVYIYSGLYYLTGQGTNVRLAQYIFACIYLLQMCLVLRLyTKSRKVP 152 

Query: 152 PWCVVIACL-SKRUISIYVLRLFNDCFTTLFMVVTVLGAIVASRCHQRPKLICKSL^ 210 

P* ♦VL* S R+HSIYVLRLFND L -fL A ♦ QR L S 
SbjcC; 153 PYVLVLSAFTSYRIHSIYVLRLFNDPVAIL LLYAALNLFLDQRWTLG S 200 

Query: 211 ATYSMAVSXKMNALLYPPAMMISLFILNDANVILTLLDLVAMIAWOVAVAVPFLRSFPQQ 270 

YS-i-AV ♦KMM ♦ A ♦ LF L ♦ V* TL* L Q+ ♦ PFLR^ P ♦ 

Sbjct: 201 ICYSLAVGVKMN--ILLFAPALLLFYLANLGVLRTLVOLTICAVLOLFIGAPFLRTHPME 258 
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Ouery: 271 YXJ^CAFNFGRKFMyQWSrNWQhWDSEAmJXRF 303 
YL ^F* GR F **W**N** ♦ F ♦ F 
. SbjCC: 259 YZiRG5FDLGRIFSUCHTVNVRFL5KELF£Q3£F 291 

Score • 53.3 bits (127), Expecc • le-06 

Zdencities « 31/62 (50%), Positives « 41/62 (66%), Gaps • 6/62 (9t) 

Query: 352 IPPVLIASNriGVLFSRSLHYOFLSWYHWTLPII,IFWSGMPrFVGPIWYVUJ--SWC^ 409 

♦PF I. MFIGV ♦RSLHYQF WY ♦LP WS P* ♦G ♦ -i-L E*CWN* 
SbjCC: 412 LPFFL--CNFIGVACARSIiIYOFYIWyFKSI.PVLV-WS-TPVSLGVRyLILGIIEYC^ 467 

Query: 410 YP 411 
YP 

Sbjct: 468 YP 469 

Drosophila melanogaster 

>gi|3024222|8p|Q27333|NT56_DROME I-ETKAL ( 2 > NEIGHBOUR OP TID PROTEIN (NOT56) 
(N0745} 

Length - 510 
Score • 121 bits (305), E;^ect - 3e-27 

Identities o 96/272 (35^f) , Poeicives o 154/272 (56d), (Saps o 17/272 (6%) 

Query: 34 RYVIFDOlANLrVMPLLILFESt^iLCiailKKVAYTBIDYXi^Y^ffiOIB^I^^ 93 

-^l^t-f ♦ A IV ♦i-L E ♦+I++V YTEID* AYM4+ E L*G ♦ YS + 
Sbjct: 36 KYIiLEPAALPIVGLFVLLAELVINVWIQRVPYTEIDWVAYMQBCEGF-UlGTmsi^ 94 

Query: 94 SGGTGPLVYPAGHVLIYKMMYWLTEO^HVERGQVFPRYLYLLTLALQMAC^^ 152 

G TGPLVYPA V lY ♦Y^+T Q P +YLL LAL ♦ Y ♦PP 

Sbjct: 95 RGOTOPLVYPAAFVYIYSALYYVTSHGWVRLAQYIFAGIYLLQLALVLRLYSKSRKVPP 154 

Query: 153 WCmACL-SiQUJISIYVLRLENDCFTTLFMVVTV^^ 211 

♦ ♦VL* S R+HSXYVLRI#FMD ♦ V -fL A + ♦R L S 
Sbjct: 155 YVLVLSAFTSYRIHSJYVliRLFlJDP VAVLLLYAALNLFLDRRlfTLG ST 202 

Query: 212 TYSMAVSIKMNALLYFPAhMISLFILNDANVILTLLDLVAMIAWQVAVAVPFLRSFPQOY 271 

♦S+AV ♦ A -f LF L ♦ ♦♦ T+L L ♦ PFL ♦ P ♦Y 

Sbjct: 203 FFSLAVG\nCMM--ILLFAPALLLFYLANLGLLRTILQLAVCGVIQLLLGAPFLLTHPVEY 260 

Query: 272 LHCaiFNFGRKFMYOWSINWQMMDEEAFNDKRF 303 

U ♦P+ GR F ♦ ♦ P F 

Sbjct: 261 LROSFDLGRIFEHKWTVNYRFLSRDVFENRTP 292 

Score m 49.4 bits (117), Expect * 2e-05 

Identities - 27/60 (45%), Positives - 35/60 (58%), Gaps - 2/60 (3%) 

Query: 352 IPFVLIASNFIGVLFSRSLHYQFLSWYHWTLPILIFWSGMPFFVGPIWYVLHEWCWNSYP 411 

♦PP L M +GV SRSLHYQF WY ♦LP L ♦ ♦ V ♦ L B*CWN*YP 

Sbjct: 407 LPFFL.-On^VGVACSRSLHYQFYVWYFHSLPYLAWSTPYSLGVRCLILGLIEYCWOTYP 464 
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Matrix: BI1OSUM62 

Gap Penalties: Existence: IX, Extension: 1 

Number of Kits to DB: 28883317 

Number of Sequences: 96469 

Number of extensions: 1107545 

Number of successful extensions: 2670 

Number of sequences better than 10. 0: 16 

Number of RSP^s better than 10.0 without gapping: 5 

Number of KSP*s successfully gapped in prelim test: 11 

Number of HSP's that attempted gapping in prelim test: 2839 

Number of KSP*8 gapped (non-prelim): 23 

length of query: 458 

length of database: 35,174,128 

effective K5P length: 45 

effective length of query: 413 

effective length of database: 30,633,023 

effective search space: 12734038499 

effective search space used: 12734038499 

T: 11 
A; 40 

XI: 15 ( 7.1 bits) 

X2: 38 (14.6 bits) 

X3: 64 (24.7 bits) 

SI: 40 (21.8 bits) 

S2: 67 (30.4 bits) 
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ATGGAAGGT 



5. ^^^"'''^^^j^ gtctccck:aaggtgaaaagtctctgc^ 

CGCTACGIGAXmCOA^T^^^ 

^CAAGGCGTACATGGAGCAGATCGAGATGATTCAGCT 



GAGGGAATGGACCACGTTGAGCGCGGGCAAGTGTITTTC^^^ 
CCT^CGG??A?rSATG^^ 

g????SSatcg^cagcaggtgccatca^^^ 

GAAGTCCCTTGCGCTGGTGATCTTCGCAACA^^ 

?SI^^OT?ScAGTTGCAGTGCCCTrCCTGCG^^^ 
GTACCTGCATTGCGCTmAAmCGGCAGGAAGTTTATGTACCAATG^^ 

?lTcSSGSAAATGATGGATGAAGAGGCmCAATGATAA^^ 
AOTGGCCCnTTAATCAG^^^ 

cSSaScTCGCATCCTGCCCGATITATGGTOT^ - 

?gaggaaaSScSict^^ 

TACCAGmCTATCCTGGTATCACTGGACTTTGCCTATACTGATCrmG^^ 

J^aatocccttcttcgttg^^^ 

OTGGAATTCCTATCCACCAAACTCACAAGCAAGCACGCTATTGrrGGC^^ 

TTOAATACTGTTCTGTTGCTrCTATrGGCCrTGACGCAOT^ 
TCGCCCTCGCCAAAAGCCATCTTCGTACCACCAGCTCTATGGAAAAAAAG 

CTCAACTGA 



Jl^EQSPQG^LQRKQFVRPPU^LWQDUaJGVRYVIFIX^^^ 

FS^a^VAYTEmYKAYMEQffiMIQUX3MII)YSQVS^^^ 

im.IYKMMYWLTEGMDHVERGQVFFRYLYLLTI^QMACTYLLHL^^^ 

VLACLSlSlYVUlIJhrocm 

ISATYSMAVSKMNALLYFPANIMISLFILNDANVILTLLDLVAMIAWQVAVA 

WFUISFPOQYLHCAFNFGRKIT^QWSINWQMMDEEAFNDKRFHLALLISHL 

lALTTU^YPRlLPDLWSSLCHPLRKNAVLNANPAKTIPFVLIASNFIGVLFS 

RSLHYQFI^WYHWTLPILIFWSGMPFFVGPIWYVLHEWCWNSYPPNSQASTL 

LUOJ^LLLLLALTQLSGSVALAKSHLRTTSSMEKKLN 
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ATCcSfcSTAGAGCCACK:TGAAACK^^ 
TATCCK}TGATCTAGTG(Kn-CTTATrCAAAACGTnTA^ 

AGTGrCTTCGTTGCACCTCrmATGGTTAGCTG/^A^^ 
TGATCArrGGCACrGTTTCCTACACAGATATTGATTm 

acaaatctttaaaattcgacaaggagaattagattatack:>^^ 

GTGACACCGGTCCATTGGmACCCAGCCGGCCATGTTj^^^ 
TAmCGTGGTACAGTGATGGTGGAGAAGACGTCAGTTTCGTTCAACA^ 

^S^SGT^ATACCTAGGTTGCTTGrrACTATCC^^ 

TTTTCTCrGGCTTAGGGAAAATACCTCCGGTTTATmG 

^cAGAd^CTGCATTCAATArnGTATTGAGA^^^ 
L^CAACAirmGATGTTGGCAACTATAATCATCCTTCAACAAGCAAGTAG 

ctS^ggII^aiggcacaactattcc^^^ 

ATACGTACAGTTTAGCCATCTCTGTAAAGATGAATGCGCTOT^ 

CAGCATTCCTACTACTCATATATCTCAmGTGACGAAAAmGAn^^ 

CCTTGGCACCTGTTCTAGTmGATATTGGTGCAAGTAGGAGTCGGTT/^ 

CGTTCATTTTACCGTTGCACTATGATGATCAGGCAAATG^ 
CCTACmAGACAGGCTTTrGACTrTAGTCGCCAAmCTTTATAAGT^^ 

cStSatogcgctttttgagccaagaaactitcaacaa^^ 

ACCAGCTCCTGTTrGCTCTCCATATTATTACGTrAGTCTTGTTCATCCT^^ 

GlTCCTCTCTCCTAAAAACATTGGAAAACCGCTTGGTAGAmGTGTTGGA 

CArmCAAATTTTGGAAGCCAACCTTATCTCCAACCAATATTATCAA^ 

CCCAGAAAGAAGCCCAGATTTTGmACACCGTCATGGCTACT^^ 

AATAGGGGTGCTTTTTGCAAGATCnTTACACTACCAGTTCCTAAGCTGG^^ 

TGCGTrCTCTTTGCCATATCTCCTTTACAAGGCTCGTCTGAACTTTATAGCA 

TCTATTATTGTTTATGCCGCTCACGAGTATTGCTGGTTGGTTTTCCCAGCTA 

CAGAACAAAGTTCCGCGTTGTTGGTATCTATCTTACTACTTATCCTGArrC 

TCATirrrACCAACGAACAGTTATTTCCTTCTCAATCGGTCCCTGCAGAAA 

AAAAGAATACATAA 



MPPIEPAERPKLTLKNVIGDLVAUQNVUWDFSVFVAPLLWIADSim 

TVSYTDIDFSSYMQQIFKIRQGELDYSNIFGDTGPLVYPAGHVHAYSVLSWYS 

DGGEDVSFVQQAFGWLYLGCLLLSISSYFFSGLGKffPVYFVLLVASKRLHSIF 

VUUJT^DCLTTFLMIJVTinLQQASSWRKDGTTIPWWDAADTYSLAISVK^ 

ALLYLPAFLLLIYLICDENLDCALAPVLVLILVQVGVGYSFILPLHYDDQANEIR 

SAYFRQAFDFSRQFLYKWTVNWRFLSQETFNNVHFHQLLFALHnTLVLFILKF 

I^PKMGKPLGRFVIX>IFKFWKPTLSPT^^I^^^PERSPDFV^^VMATT^^ 

ARSLHYQFLSWYAFSLPYLLYKARLNFIASnVYAAHEYCWLVFPATEQSSAL 

LVSmLULILIFTNEQLFPSQSVPAEKKNT 
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P.pastorisALGSBLAST 



Sequences producing significant alignments: 

qil5B6444|sp|P38179lALG3 YEAST Dolichyl-P-Man!Man(5)GlcNAC ( . 
qj \ 12802365 lqb I AAK0784a .1 lAF3096a9 10 putative NOT-56 manno. 
qi i 994725 I qbl AAR75352 , 1 1 ORP 1 



ai 



3i 



31 



9i 



7492702 Ipir 



16226531 



25367230 



25814791 



17535001 



IT39084 probable mannosyl transferase - fissi. 
AAL16193-11AF428424 1 At2g47760/F17A22 . 15 lA. 
pirl IB84919 Not56-lilce protein [imported] - Ara. 
eTnb lCAB70171.2| Hypothetical protein K09E4.2 [C. 



3k 



ref 



1654000 I emb I CAA70220 . 1 



NP 496950.1. 

___ Not56-like protein [Homo sapiens 

13279206 1 Qb I AAH04313 . 1 1 AAH04313 Unknown {protein for IMA. 
22122365 1 ref I NP 666051.1 1 hypothetical protein MGC36684 . 

' agCP3388 [Anopheles gambiae str.. 

lethal (2) neighbour of tid [Droso. 



2i 


21292031 iqb 


EAA04176.1 


9i 


1780792! enb 


CAA71167.1 



(bits) Value 



Putative plasma membrane membr. > > 160 



228 
212 
206 
176 
164 
164 
161 
160 
155 
154 
150 
120 
114 



2e-58 
ee-54 
4e-52 
ae-43 
2e-39 
3e-39 
2e-38 
3e-38 
2e-36 
2e-36 
3e-3S 
4e-26 
3e-24 



AlignnMatB 

8* cQTQviaisie 
Score • 228 bits (580) , Expect » 2e-5B 

Identities » 154/429 (35%), Positives « 229/429 (53%), Gaps 



37/429 (8%) 



RPKLTlJCNVICa5LVALIQIIVI,FOTDFSVFVAPLLmJU)SW^ SB 
RP L L DL V+F+ V PLL L +S*+ K+II V^YT+ID* +YM 

RPPXiDLWQ- - .DlOTi3VRy\rCFDCiyOT*IVMPLLILFESMLCKIIIKKV 76 



Query: 9 
Sbjct: 20 

Querv: 69 QQIFKIR-QGEUDYSSiJIFGDTGPLVyPi^GSVHJ^YSVLSl-JYSDGG^^ 127 

* • +QI 1+ G LDYS ♦ G TGPLVYPAGSV Y ++ W ++0 + V Q F i-LYIi 

Sbjct: 77 EQIEMIOLDGMLDySQVSGGTGPLVYPAGHVLIYKM^iyWLTEGMDH^^ 136 

Query: 128 CLLLSISSYFPSGLGKIPPVYFVLLVASKIUJISIFVLR^ 184 

I* L ♦+ y+ L +PP VL SKRI*HSI+VLRLFNDC TT T+ !♦ 

Sbjct: 137 TLAWMACVT---LIJniPPWCVVlACLSKRIJISIYV^ 193 



185 QASSWRKlXnTIPLSVPDAADTYSIiAISVKMNXXXXXXXXXXX3CXXXCDEr^ 244 
194 RCHQRPKIJa3IJUiVI---SATYSMAVSIKMNAIiLyFTAMhaSLFII^ 250 



Query: 
Sbjct: 

Query: 245 XXXXXXXXXXYSFILPliKYDDOANEIRSAYFRQAFDFSRQFLVKMTVlWRFLSQE 304 

Y AF+P Ri'F+Y+W-f+NW+ ♦ +E FN+ 
Sbjct: 251 AMIAWQVAVAVPFli RSFPQQYLHCAFMFGRKFMYQWSINWQMMDEEAFNDK 301 

Query: 305 HFHQIAFAIJlIITL-VLFILKFLSPKNIGKPLGRF\^IFKFWKPTLSP™iIN-DPE^ 362 

FH L H+1 L I*F+ R ♦ D+* L ++N +P 

Sbjct: 302 RFHLALLISHLIALTTLFVTRY PRILPDLWSSLCHPLRKNAVLMANPAKT 351 

Query: 363 PDFVYTVMATTNLIGVO-FARSLHYQFLSWYAFSLPYLLYKARIiNFIM 422 

F V* *n IGVLF+RSLHYQFLSWY -f+LP L++ ♦ + F I Y HE+CW 
Sbjct: 352 lPF---VLIASMFIG\aiFSRSLHYQFMmnWTLPILIFWS<31PFrVGPIWYVIJI^ 408 

Query: 423 VFPATEQSS 431 

♦P Q*S 
Sbjct: 409 SYPPNSQAS 417 
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Neurospora crassa 

Score • 212 bits (540). Expect • 8e-54 

Identities - 140/400 (35%), Positives . 212/400 (53%), Gaps - 29/400 (7%) 

Query; 35 SVTVAPU-WIADSmmiGTVSrroiDFSSYMQOIFKIROGELDYSNIFGDTGPLVYP 94 

S * P L^L T>^^* ♦!! V YT*ID**'.'YM+0* ♦! GE DY* ♦ G TGPLVYP 
Sbjct; 33 SKLIPPALFLVDAU-CGLIIWKVPYTEIDWAXYMEQVSOILSGEimYTKVRGGTGPLW^ 92 

Query: 95 AGHVHAYSVLSWYSDGGEDVSFVQQAFGWLVI-GaXlJSISSyFTSGIiGKIP 154 

A HV^ Y* L ♦D 6 *♦ QQ P LY* L ♦ ♦ Y^ K PP F LL 

Sbjct: 93 AAKWIYTaYHLTOE(aaiIUAQQIJAGLYM\rriA\r^ 

Queryj ISS SKJaJJSlFVLMiFOTCLTTriXXATIlILQOASSWR^ 214 

SKRUiSIFVliR PNDC ♦ 1 Q+ A Y*I* ♦ VK 

Sbjct: 150 SIWLKSIFVLRCFIIDCFAyiJPliWlJaFFFQR-WW GALLYTLGLGVK 197 

Query: 2X5 twaaaaiaaaoaaiaaac& ^'^^ 

N ♦+L F*KY*Y 
Sbjct: 198 MmiiSLPAVGlVLFliGSG-SFVTTLOIiVATMGLVQIIilGVPFL^-AOT Y 247 

Query: 275 FROAFDFSRQFLYKWTVKMRFLSQETFIOIVHFHOI^^ 333 

♦AF* SRQF -►KWTVNWRF* F ♦ F L AUI4.* L ♦FI P K 

Sbjctt 246 LSRAFELSRQFFFKNTVKWRFVGEEZFXiSKGFiaiTZJJaKV^ 305 

Query: 33<i PLGRSVMIPKFtnCPTLS-PTiaiiroPERSPDFVYTVMATTmilGV^ 392 

L* + ♦ KPL+P* ♦♦P'f<^T**M ♦G*I*FARSLHYQF 

Sbjct: 306 SLVQX.X5PVIIAOKPPLTVP£KIU^AARX3VTPRYimTZX^ANA>^^ 365 

Query: 393 AFSLPYLLYKARLNFIASIIVYAAHEYCWLVFPATEQSSA 432 

A<fS IP^LL^^A lr¥ * •*-<*>-»-A HEi> W VFP4>T SSA 
Sbjct: 366 AWSTPFLLHIU^CSJIPVLVYIXWAVHEHAWKVFPSTPASSA 405 

Schizos&GCharoayees pombe 

Score a 176 bits (445), E^ipsct a 8e-<i3 

IdentitiSD = 132/390 {22^), Pooitiveo o 194/390 (490), Gaps ° 35/390 (80) 

LWLADSIVIKVI IGTVSYTDIDFSSYMQQIFKIRQGELDYSNIFGDTGPLVyPAGKVHAY 101 
li L ♦ ♦ II V YT-^ID* ♦YM+Q* GE DY G TGPLVYP GHV Y 

LLLLEIPFVFAI ISKVPYTEIDWIAYMEQVNSFLLGERDYKSLVGCTCPLVYPGGHVFLY 8 9 

SVLSWYSIXSGEDVSFVQQAFGWLYLGCLLLSISSYFFSGX^KIPPVYFN^ 161 
♦•fL ^ 4>DGQ t*^' Q F ♦ 4-1 Y F ♦ ♦ P ♦VLL^- SKRLHSX 



F<fLRLFMD ♦ L ♦ l4> W ♦ A-f S^A SVW^ 

FltRLFNDOFNS-LFSSLFILSSaOOCWVR ASILLSVACSVKMSSLLYV 194 



LP 4- 4- 4- 4-Y4- QAFDF 

-LLQILOPIOCrWMHlFVIIIVQILFSIPF LAYFWSYWTQAFDF 242 



Query: 


42 


Sbjct: 


30 


Query: 


102 


Sbjct: 


90 


Query: 


162 


Sbjct: 


147 


Query: 


222 


Sbjct: 


195 


Query: 


282 


Sbjct: 


243 


Query: 


342 



R F YKWTVNWRF* i^F^F ♦LH^LVFK** P 
SRAFDYKim/NHRFIPRSIFESTSFSTSILFLKVALLVAFTCKHWNKLSRATP 295 



♦ ♦P*F+*T ♦AT*NLIG4.L ARSLHYQF ♦W^A* PYL Y 
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Sbjct: 296 -FANWSNLTLXPLPXLQIATPNFZFTAZATSNLIGILCARSLH^ 354 

Query: 402 KARUIFIASZIVyAAHEYCWLVFFATEQSS 431 

4.A I EY W VFP^.T'f SS 

Sbjct: 355 QASFPAPIVIGLWMLOEYANIIVFFSTKLSS 384 
Arabi dopsis thali ana 

Score « X64 bits (4IS) , Expect * 2e-39 

Identities • 131/391 (33%), Positives - 194/391 (49%), Gaps • 29/391 (7%) 

Query: 42 liWIiADSIVimiGTVSYTDIDFSSYMQQIFIOCRQGELDYSNIFGDTGPLVyPAGHVHAY 101 

L LAD-^X^<»> -i^ZI V YT ZD^ -fYM Q^* G£ DY N^t* GOTGPLVYPAG 4-f Y 

Sbjct: 39 liZXJ^DAZLVALZZAYVPYTiaDmSAYMSQVSGFI/SGERDYGiniKGD 98 

Query: 102 SVLSWYSDGGEDVSFVQQAFGIfLyiX;CLLLSZSSYFFS02/mPPW 161 

S 4 G 1-V Q FO LY<i> h * ^ * XsL SKR^-KSZ 

Sbjct: 99 SAVQNLTGG--EVYPAQZLFGVLYZVlILGri^IYVRTDV--VPW 154 

Query: 162 FVLRLFOTCLTTFLMIATIZZLQOASSWRiaxnrTZPLSVPIM^^ 221 

FVLRXiFHDC h* A>4- ♦ ^RK ♦ ♦ ^S A+SVKMM 

Sbjct; 155 F\niIU»FMDCFASOT#IiHZ\SI4MiFL*---YlUa-J^^ FSGAVSysas-IMVLLYA 202 

Query: 222 XXXXXSCXXXXCDENLZfAZAPXXXXXXXXXXXXYSFZLPlt^ 281 

M*Z ^.y AFD 

Sbjct: 203 PTIiLLLIJJCAM--NZZ6WSAIJUSAAIiAQILVGLPFLZW SYIANAFDL 251 

Query: 282 SI^FLYKIfrVNWRFLSQETFNlArHFHOliFALHZITL^ 341 

R F++ W+VN++F+ ♦ F + P L H^- LV F * K+ G +0 
Sbjct: 252 GRWIHF^JSVHFICFVPERVFVSlCEFAVCU*IAHLFIJ*VAFA-NYKt7CKHE^ 310 

Query: 342 IFmTKP-TLSPTNZZNDPERSPDFVYTV^^lATrMIiZGVLFARSLHYQ^^ 400 

P P +LS ♦ * V T M N IG++FARSLHYQF SWY +SLPyLL 

Sbjct: 311 HPFLTLPSSLSFSIWSASRlZTKEHVVTAMFVGNFZGIVFARSliHYQrySl^yFYSLPYLL 370 

• Query: 401 YKARLNFZASIIVYAAHEYCWLVFPATEQSS 431 

E CW V+P+T SS 
Sbjct: 371 WRTPFPTWXiRLIMFLGIELCWMVYPSTPSSS 401 
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K.lactisALG3 

TTTGTTTACAAGCTGATACCAACGAACATGAATACACCGGCAGGTTTACT 

GAAGATTGGCAAAGCTAACCnriTACATCCTTTTACCGATGCTGTATTCAG 

TGCGATGAGAGTAAACGCAGAACAAATTGCATACATTTTACTTGTTACCA 

ATTACATTGGAGTACTATTTGCTCGATCATTACACTACCAATTCCTATCTT 

GGTACCATTGGACGTTACCAGTACTATTGAATTGGGCCAATGTTCCGTATC 

CGCTATGTGTGCTATGGTACCTAACACATGAGTGGTGCTGGAACAGCTAT 

CCGCCAAACGCTACTGCATCCACACTGCTACACGCGTGTAACACATACTG 

TTATTGGCTGTATTCTTAAGAGGACCCGCAAACTCGAAAAGTGGTGATAA 

CGAAACAACACACGAGAAAGCTGAG 

FVYKLIPTmJNTPAGLIiaGKAmLHPFTDAWSAMRVNAEQIAmLVT^ 

GYIJFARSLHYQFLSWYHWTIPVLlWANVPYPirVLWYLTHEWa^ 

NATASTU-HACNTYCYWLYSZEDPQTRKVVrrKQHTRKL 
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K.lactisALG3 BLAST 



Score E 

Sequences producing significant alignments s 



gi 
Si 

Si 
si 
si 



S86444|sp|P38179}ALG3 YEAST DoXichyl - P-Man : Man ( 5 ) QlCMAc ( • 
9B4725|qb|AAA75352.1( ORF 1 



16226531 



25367230 



21292031 



208920S1 



qb|AAL16193.1lAF42e424 1 At2g47760/F17A22 . 15 lA. . 



piri IB649X9 Not56-like protein [imported] - Ara. , 
gb)EAA04176,li agCP33B8 (Anopheles gambiae str.. 
reflXP 148657. il similar to lie thai (2) neighbour . 



(bits) Value 



. 125 
94 
. 72 
. 72 
■ 69 
. 65 



le-26 
4e-19 

le-12 
le-12 
2e-ii 
2e-l0 



Alignmenta 

5. cerevisiae 
Score m 125 bits (314), Expect » le-28 

Identities o 60/120 (SOCr), Positives « 83/120 (69%), Gaps - 1/120 (0%) 

Frame n 4*3 

Query: 66 AmJiKPPT-DAVFSAI^VNAEQZAYIIXVTNyXGVI^ARSL^ 242 

t^h HP ^AV *k A-t- I '►^IH- •cN^IGVLF't-RSLHyQFX^UVKWTLPi'U W-t- 
Sbjct: 332 SSLCHPUlKNAVLNA2fP--AiCTXPFVLIASNFXG\^SRSIiHY 389 

Query; 243 WPYPLCVLWVLTHEWCWNSyPPNATASTLLHACNTYCYWLYS^EDPQT^ 422 

+P+ + +Wy+ HEWCWNSYPPN+ ASTLL ANT -L* +V*KHR 
SbjCt: 390 GWFFVGPIlinnaiiE^CWS^SYPPNSQASTLLLAIJn'^^ 448 



A. thaliana 
score « 72.0 bits (175), Expect » le-12 

Identities - 42/107 (39%), Positives > 57/107 (53%), Gaps - 3/107 (2%) 
Frame ■ ^3 

Query: 84 FTDAVFSAMRVNAEQIAYILLVTNYIGVLFARSliHYQFLSVmiWTLP^ 263 

F^D S + + E ♦ * V N-».IG++FARSIiHYQF SWY ++LP LL PL 
SbjCt: 322 FSPVSASRI-ITKEHVVTAMFVGNFIGIVFARSLHYQFYSWYFYSLPYLLWRTPFPTWLR 380 

Query: 264 VLWYLTHEWCWNSYPPNATASTXi---LHACNTYCYWLYS*BDPQTRK 395 

*h B CWN YP H-^S L LH WL DP K 

SbjCt: 381 LIMFLGIEZiCWNVYPSTPSSSGLU/CLHLIILVGLWLAPSVDPYQLK 427 
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>gi| 67546851 reflNM_0l0795.ll Mus musculus maaaoside acetyl 
glucosaminyl transferase 3 {Mgat3) , roRHA 

ATOAAQATGAGACGCTACW^CrTTCT»^ 
ACTTCTITAAGACrTrATCCTATGTCACCrTCCCX^^ 
• CAQCTTCTTCTQGAAaU^TGCCCCTOTCACTCCCCW^ 
CGGACACCCCTCTACTCCCWrrCTCCCCTCKrCCaUSCCW 
ACCGGGTGGACTTCGTGTTGCCCKSWXaiCA^ 
CTTCWU^OU^QTACCAGGATGCT^^ 

GAGGGCTCCTCAOCCCGGGGACCTOCTCGGAGGCCCATGASGCACGTGTO 

GCAGCCGCXK3»CTAGGCGaJU3TGGOTTGA5^^ 

QGTGCCCACOGTGGTGCAGTATrcOUUrCTGCCCACCAAGGAACGCCT^ 

CGQOTTATCAACGCCATCAACATCAACCACQMTTCGACCTOCr^ 

ATGTTGTCmCQCCTTCGTGGTCTOTOAATCTAATTTC^ 

CCGAGAtUTGCTOACCAATGGOlCCTTCQAQTACATCCGCCA 

TTCCCACCTGGTGGCCGTCAGGACGGCTGGATTGCOaATaACTACTO 

OCQTCTCCCGCCTGCGCAACCTGCGGCCCGATGACQTCTTTATCATCGAC^ 

QCGTGATGGTGTGCTGTTCCrCAAACTCTACGATGGCTGGAC^^ 

TCCCTOTATGG lTiC r T CT G QAAGCAGCCGGGCACACTGGAGGTGGTGTCAG 

TaCAGGCCGTGTATQGGCTGGATaGCATCCCKOTBCGCCaCCGCC^ 

GO^TATG^^fiJU^CGCACOSGCCJ^TCCt^^ 

TGGCATTGCTCCrrGGTCSCTTCa>aiCCC(^^ 

TCCCCCGCTGaSQTQACTATGJUSGACAJ^ 

ATGGTTCGACGGAACGOUSCAGGAGTACCCTCCTGCGGACCC^^ 

CTGCTCAAGWlCTATGACCAGTTCCGCTACrroCTGGAAAATC 

AGaGTGGGCQCCAOAACCAGGGCTCAGATGGAAGGCCATCTGCTGTCAGGGGCAAGTTG^ 
GGGCTAO 

>gi|2117717|pir| I JC^3S2 beta- 1, <i-«iannosyl -glycoprotein 4-beta-N- 

acQtylglucooasninyltransf erase (SC 2.<i.l.i<!t<a) III - mouse 

r^YKLPLMFO^LCl,lSPliHPFmiSY\rrFPRELASI^ 

PLYSHSPLLQPLSPSKATEEIJmVDFVLPEinrrBYFVRTmGGVCFOT^ 

SSAR6PAIUlPMRB\aiSSRERLGSRGT!UUCHVECVCLPGWHGPSCGVPTWQYS^^ 

INAININHBFDLLDVRFHELGDVVDAFVVraSNFTAyGEPRPIi^^ 

PGGRQDGWIADDYIJlTFLTQDGVSIUilUniRPDDVFlIDDADEIPARDGVL^ 

YGFFWKQPGTLBWSGCTMDMLQAVYQII)GIRLRimQYYTO 

CSWCFTPEGIYFKLVSAQNGDFPRWGDYEDKjUJLNyiRSLIRTGGWFDGTQQBYPPADPSEHMYAP 
KMVDQFRyUiENPyREPKSTVEGGRQNQGSDGRSSAVROKLDTAEG 
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Fig. 26 
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Fig. 27 
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Fig. 36 
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Fig. 37 
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Fig. 38 
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Fig. 40C 
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Figure 41 

Homo sapiens mannosyl (alpha-l,3-)-glycoprotem beta-l,4-N- 
acetylglucosaminyltransferase, isoenzyme A (MGAT4A) 
Accession number NM_012214. 

MRLRNGTVATAIAFITSFLTLSWYTTWQNGKEKLIAYQREFLALKERLRIAEHRI^ 

SELNTIVQQFKRVGAETNGSKDALNKFSDNTLKLLKELTSKKSLQVPSIYYm 

EGSLQPAVQIGNGRTGVSIVMGIPTVKREVKSYLIETLHSLIDNLYPEEKLDCVIWFI 

GETDIDYVHGWANLEpiFSKEISSGLVEVISPPESYYPDLTNLKETFGDSKERVRWRT 

KQNLDYCFL^!IMYAQEKGIYYIQLEDDIIVKQNYFNTIKNFALQLSSEEWMILEFSQLGF 

IGKMFQAPDLTLIVEFIFMFYKEKPIDWLLDHILWTKVCaSTPEKDAKHCDRQK^ 

RPSLFQHVGLHSSLSGKIQKLTDKDYMKPLLLKIHWPPAEVSTSLKVYQGHTLEKTYM 

GEDFFWAITPIAGDYILFKPDKPVNVESYLFHSGNQEHPGDILLNTTVEVLPFKSEGLE 

ISKETKDKRLEDGYFRIGKFENGVAEGMVDPSLNPISAFRLSVIQNSAWAIL^ 

KATN 

Homo sapiens maimosyl (alpha-l,3-)-glycoprotein beta-1,4-^- 
acetylglucosaminyltransferase, isoenzyme A (MGAT4A), mRNA 

GAAATGAACCTCTCTTATTGATTTTTATTGGCCTAGAGCCAGGAGTACTGCATTCAGTT 

GACTTTCAGGGTAAAAAGAAAACAGTCCTGGTTGTTGTCATCATAAACATATGGACCAG 

TGTGATGGTGAAATGAGATGAGGCTCCGCAATGGAACTGTAGCCACTGCTTTAGCATTT 

ATCACTTCCTTCCTTACTTTGTCTTGGTATACTACATGGCAAAATGGGAAAGAAAAACT 

GATTGCTTATCAACGAGAATTCCTTGCTTTGAAAGAACGTCTTCGAATAGCTGAACACA 

GAATCTCACAGCGCTCTTCTGAATTAAATACGATTGTGCAACAGTTCT^GCGTGTAGGA 

GCAGAAACAAATGGAAGTAAGGATGCGTTGAATAAGTTTTCAGATAATACCCTAAAGCT 

GTTAAAGGAGTTAACAAGCAAAAAATCTCTTCAAGTGCCAAGTATTTATTATCATTTGC 

CTCATTTATTGAAAAATGAAGGAAGTCTTCAACCTGCTGTACAGATTGGCAACGGAAGA 

ACAGGAGTTTCAATAGTCATGGGCATTCCCACAGTGAAGAGAGAAGTTAAATCTTACCT 

CATAGAAACTCTTCATTCCCTTATTGATAACCTGTATCCTGAAGAGAAGTTGGACTGTG 

TTATAGTAGTCTTCATAGGAGAGACAGATATTGATTATGTACATGGTGTTGTAGCCAAC 

CTGGAGAAAGAATTTTCTAAAGAAATCAGTTCTGGCTTGGTGGAAGTCATATCACCCCC 

TGAAAGCTATTATCCTGACTTGACAAACCTAAAGGAGACATTTGGAGACTCCAAAGAAA 

GAGTAAGATGGAGAACT^AAGCAAAACCTAGATTACTGTTTTCTAATGATGTATGCT 

GAAAAGGGCATATATTACATTCAGCTTGAAGATGATATTATTGTCAAACAAAATTATTT 

TAATACCATAAAAAATTTTGCACTTCAACTTTCTTCTGAGGAATGGATGATTCTAGAGT 

TTTCCCAGCTGGGCTTCATTGGTAAAATGTTTCAAGCGCCGGATCTTACTCTGATTGTA 

GAATTCATATTCATGTTTTACAAGGAGAAACCCATTGATTGGCTCCTGGACCATATTC 

TCTGGGTGAAAGTCTGCAACCCTGAAAAAGATGCTUVAACATTGTGATAGACAGAAAGCA 

AATCTGCGAATTCGCTTCAGACCTTCCCTTTTCCAACATGTTGGTCTGCACTCATCACT 

ATCAGGAAAAATCCAAAAACTCACGGATAAAGATTATATGAAACCATTACTTCTTAAAA 

TCCATGTAAACCCACCTGCGGAGGTATCTACTTCCTTGAAGGTCTACCAAGGGCATACG 

CTGGAGAAAACTTACATGGGAGAGGATTTCTTCTGGGCTATCACACCGATAGCTGGAGA 

CTACATCTTGTTTAAATTTGATAAACCAGTCAATGTAGAAAGTTATTTGTTCCATAGCG 

GCAACCAAGAACATCCTGGAGATATTCTGCTAAACACAACTGTGGAAGTTTTGCCTTTT 

AAGAGTGAAGGTTTGGAAATAAGCAAAGAAACCAAAGACAAACGATTAGAAGATGGCTA 

TTTCAGAATAGGT^AAATTTGAGAATGGTGTTGCAGAAGGAATGGTGGATCC^ 
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ATCCCATTTCAGCCTTTCGACTTTCAGTTATTCAGAATTCTGCTGTTTGGGCCATTCTT 
AATGAGATTCATATTAAAAAAGCCACCAACTGATCATCTGAGAAACCAACACATTTTTT 
CCTGTGAATTTGTTAATTAAAGATAGTTAAGCATGTATCTTTTTTTTATTTCTACTTGA 

acactacctcttgtgaagtctactgtagataagacgattgtcatttccacttggaaagt 
gaatctcccataataattgtatttgtttgaaactaagctgtcctcagattttaacttga 
ctcaaacatttttcaattatgacagcctgttaatatgacttgtactattttggtattat 
actaatacataa6agttgtacatattgttacattctttaaatttgagaaaaactaatgt 
tacatacattttatgaagggggtacttttgaggttcacttattttactatt 
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Figure 42 

Homo sapiens maimosyl (alpha-l,3-)-glycoprotein beta-1,4-^^ 
acetylglucosaminyltransferase, isoenzyme B (MGAT4B) 
Accession number NM_0 14275 . 

MRLRNGTFLTLLLFCLCAFLSLSWYAALSGQKGDVVDVYQREFIJ^RDRLHAAEQESLK 

RSKELJSTLVLDEIKRAVSERQALRDGDGNRTWGRLTEDPRLKPWNGSHRHVLHLPW 

LPHLLAKESSLQPAWVGQGRTGVSVVMGIPSVRREVHSYLTDTLHSLISELSPQE^ 

SVIWLIAETDSQYTSAVTENIKALFPTEIHSGLLEVISPSPHFYPDFSRLRESFGDPK 

ERWWRTKQlILDYCFLMMYAQSKGIYyVQLEDDIVAKPNYLSTMKNFALQQPSEDWMIL 

EPSQLGFIGKMFKSLDLSLIVEFII^FYRDKPipWLLDHILWVKVCNPEKDAKHCDRQK 

ANLRIRFKPSLFQHVGTHSSLAGKIQKLKDKDFGKQALRKEHVNPPAEVSTSLKTYQHF 

TLEKAYLREDFFWAFTPAAGDFIRFRFPQPLRLERFFFRSGNIEHPEDKLFNTSVEVLP 

FDNPQSDKEALQEGRTATLRYPRSPDGYLQIGSFYKGVAEGEVDPAFGPLEALRLSIQT 

DSPVWVILSEIFLKKAD 

Homo sapiens mannosyl (alpha- 1 ,3-)-glycoprotein beta- 1 ,4-iV- 
acetylglucosaminyltransfOTase, isoenzyme B (MGAT4B), mRNA, 



TGCAGCCTCGGCCCCGCGGGCGCCCGCCGCGCACCCGAGGAGATGAGG 

CTCCGCAATGGCACCTTCCTGACGCTGCTGCTCTTCTGCCTGTGCGCCTT 

CCTCTCGCTGTCCTGGTACGCGGCACTCAGCGGCCAGAAAGGCGACGTT 

GTGGACGTTTACCAGCGGGAGTTCCTGGCGCTGCGCGATCGGTTGCACG 

CAGCTGAGCAGGAGAGCCTCAAGCGCTCCAAGGAGCTCAACCTGGTGCT 

GGACGAGATCAAGAGGGCCGTGTCAGAAAGGCAGGCGCTGCGAGACGG 

AGACGGCAATCGCACCTGGGGCCGCCTAACAGAGGACCCCCGATTGAAG 

CCGTGGAACGGCTCACACCGGCACGTGCTGCACCTGCCCACCGTCTTCC 

ATCACCTGCCACACCTGCTGGCCAAGGAGagcagtctgcagcccgcggtgcgc 

gtgggccagggccgcaccggagtgtcggtggtgatgggcatcccgagcgtgcggcgcga 

ggtgcactcgtacctgactgacactctgcactcgctcatctccgagctgagcccgcagg 

agaaggaggactcggtcatcgtggtgctgatcgccgagactgactcacagtacacttcg 

gcagtgacagagaacatcaaggccttgttccccacggagatccattctgggctcctgga 

ggtcatctcaccctccccccacttctaccctgacttctcccgcctccgagagtcctttg 

gggaccccaaggagagagtcaggtggaggaccaaacagaacctcgattactgcttcctc 

atgatgtacgcgcagtccaaaggcatctactacgtgcagctggaggatgacatcgtggc 

caagcccaactacctgagcaccatgaagaactttgcactgcagcagccttcagaggact 

ggatgatcctggagttctcccagctgggcttcattggtaagatgttcaagtcgctggac 

ctgagcctgattgtagagttcattctcatgttctaccgggacaagcccatcgactggct 

CCTGGACCATATTCTGTGGGTGAAAGTCTGCAACCCCGAGAAGGATGCGAAGCACTGTG 
ACCGGCAGAAAGCCAACCTGCGGATCC 

GCTTCAAACCGTCCCTCTTCCAGCACGTGGGCACTCACTCCTCGCTGGCTGGCAAGATC 
CAGAAACTGAAGGACAAAGACTTTGGAAAGCAGGCGCTGCGGAAGGAGCATGTGAACCC 
GCCAGCAGAGGTGAGCACGAGCCTGAAGACATACCAGCACTTCACCCTGGAGAAAGCCT 
ACCTGCGCGAGGACTTCTTCTGGGCCTTCACCCCTGCCGCGGGGGACTTCATCCGCTTC 
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Figure 42 (Cont) 

CGCTTCTTCCS^CCTCTJ^AGACTGGAGCGGTTCTTCTTCCGCAGTGGGAACATCGAGCA 
CCCGGAGGACAAGCTCTTCAACACGTCTGTGGAGGTGCTGCCCTTCGACAACCCTCAGT 
CAGACAAGGAGGCCCTGCAGGAGGGCCGCACCGCCACCCTCCGGTACCCTCGGAGCCCC 
GACGGCTACCTCCAGATCGGCTCCTTCTACAAGGGAGTGGCAGAGGGAGAGGTGGACCC 
AGCCTTCGGCCCTCTGGAAGCACTGCGCCTCTCGATCCAGACGGACTCCCCTGTGTGGG 
TGATTCTGAGCGAGATCTTCCTGAAAAAGGCCGACTAAGCTGCGGGCTTCTGAGGGTAC 
CCTGTGGCCAGCCCTGAAGCCCACATTTCTGGGGGTGTCGTCACTGCCGTCCCCGGAGG 
GCCAGATACGGCCCCGCCCAAAGGGTTCTGCCTGGCGTCGGGCTTGGGCCGGCCTGGGG 
TCCGCCGCTGGCCCGGAGGCCCTAGGAGCTGGTGCTGCCCCCGCCCGGCGGGCCGCGGA 
GGAGGCAGGCGGCCCCCACACTGTGCCTGAGGCCCGGAACCGTTCGCACCCGGCCTGCC 
CCAGTCAGGCCGTTTTAGAAGAGCTTTTACTTGGGCGCCCGCCGTCTCTGGCGCGAACA 
CTGGAATGCATATACTACTTTATGTGCTGTGTTTTTTATTCTTGGATACATTTGATTTT 
TTCACGTAAGTCCACATATACTTCTATAAGAGCGTGACTTGTAATAAAGGGTTAATGAA 

G 
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Figure 43 

Mus musculus iV-acetylglucosaminyltransferase V (MgatS) 
Accession number AF474154- 

MAFFSPWKLSSQKLGFFLWFGFIWGMMLLHFTIQQRTQ^ 

LDLSKRYIKAI^ENRDVXODGPYAGVMTAYDLKKTIAVL^ 

ESKVDNLVNGTGANSTNSTTAWSLVSLEKINVADIINGVQEKCVLPPMD 

GYPHCEGKIKWMKDMWRSDPCYADYGVDGTSCSFFIYLSEVENWCPRLPWRA^ 

ADHNSIiAE I RTDFNI LYGMMKKHEEFRWMRLRI RRMADAW I QAI KSLAEKQNLEKRKRK 

klLVHLGLLTKESGFKIAETAFSGGPLGELVQWSDLITSLYLLGHDIRISASLAELKEI 

MKKWGNRSGCPTVGDRIVELIYIDIVGILAQFKKTLGPSWVHYQCMLRVL^ 

NHASYAQSKGHKTPWGKWNLNPQQFYTMFPHTPDNSFLGFVVEQHLNSSDIHHINEIK^ 

QNQSLVYGKVDSFWKNKKIYLDI IHTYMEVHATVYGSSTKNI PSYVKNHGILSGRDLQF . 

LLRETKLFVGLGFPYEGPAPLEAIANGCAFLNPKFNPPKSSKNTDFFIGKPTLRELTSQ 

HPYAEVFIGRPHWTVDLNNREEVEDAVKAim 

QDFCHGQVMWPPLSALQVKLAEPGQSCKQVCQESQLICEPSFFQHLNKEKDLL^ 
QSSELYKDILVPSFYPKSKHCVFQGDLLLFSCAGAHPTHQRICPCM)FIKGQVALCKDC 

L 

Mus masculua N-acetylglucosaminyltransf erase V (MgatB) tnRNA 

ATTGCTAGAGAGAGATGGCTTTCTTTTCTCCCTGGAAGTTGTCCTCTCAG 

AAGCTGGGCTTTTTCCTGGTGACTTTCGGCTTCATCTGGGGCATGATGCT 

TCTGCACTTCACCATCCAGCAGCGGACTCAGCCCGAGAGCAGCTCCATG 

TTACGGGAGCAGATCCTTGACCTCAGCAAGAGGTACATTAAGGCACTGG 

CAGAGGAGAACAgggacgtggtggatggcccctacgctggtgtcatgacagcctatg 

atctgaagaaaacgctcgccgtcttgctggataacatcctgcagcgcattggcaagctc 

gagtcaaaggtggacaatctggtcaacggcacaggagcgaactccaccaactccaccac 

GGCTGTCCCCAGCTTGGTGTCGCTTGAGAAAATTAATGTGGCAGATATCATTAATGGAG 

ttcaggaaaaatgtgtattgcctcctatggatggctacccccactgcgaggggaaaatc 
aagtggatgaaggacatgtggcgctcggacccctgctacgcagactatggagtggacgg 
gacctcctgctccttttttatttacctcagtgaggttgaaaattggtgtcctcgtttac 
cttggagagcaaaaaatccctatgaagaagctgatcataactcattggcggaaatccgt 
acggattttaacattctctacggcatgatgaagaagcacgaggagttccgttggatgag 

GCTTCGGATCCGGCGAATGGCTGACGCGTGGATCCAAGCTATCAAGTCTCTGGCGGAGA 
AACAAAACCTTGAGAAGAGGAAACGGAAGAAAATCCTTGTTCACCTGGGGCTCCTGACC 
AAGGAATCGGGCTTCAAGATTGCGGAGACAGCATTCAGCGGTGGCCCTCTGGGTGAACT 
CGTTCAGTGGAGTGACTTAATCACATCTCTGTACCTGCTGGGCCATGACATCCGGATCT 
CGGCCTCACTGGCTGAGCTCAAGGAGATAATGAAGAAGGTTGTTGGAAACCGGTCTGGC 
TGTCCAACTGTAGGAGACAGAATCGTTGAGCTGATTTATATCGATATTGTGGGACTTGC 
TCAATTTAAGAAAACACTAGGGCCATCCTGGGTTCATTA 

CCAGTGCATGCTCCGGGTGCTAGACTCCTTTGGAACAGAACCTGAGTTCAATCATGCGA 

GCTATGCCCAGTCAAAAGGCCACAAGACCCCCTGGGGAAAGTGGAATCTGAACCCGCAG 

CAGTTTTACACCATGTTCCCTCT^TACCCCaVGACAACAGCTTTCTGGG 

GCAGCACCTGAACTCCAGCGACATTCACCACATCAACGAGATCAAAAGGCAGAACCAGT 

CCCTTGTGTATGGCAAAGTGGATAGTTTCTGGAAGAATAAGAAAATCTACCTGGATATC 
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Figure 43 (Cont) 

ATTCACACGTACATGGAAGTGCACGCCACTGTTTATGGCTCCAGTACCAAGAACATTCC 

CAGTTACGTGAAAAACCATGGCATTCTCAGTGGACGTGACCTGCAGTTTCTTCTCCGGG 

AAACCAAGCTGTTCGTTGGGCTCGGATTCCCTTATGAAGGCCCAGCTCCCCTGGAGGCC 

ATCGCGAATGGATGTGCTTTCCTGAACCCCAAGTTCAACCCTCCCAAAAGCAGCAAAAA 

CACAGACTTCTTCATTGGCAAGCCAACACTGAGAGAGCTGACATCCCAGCATCCTTACG 

CAGAAGTCTTCATCGGCCGGCCACACGTCTGGACTGTGGATCTCAATAACCGAGAGGAA 

GTAGAAGATGCAGTAAAAGCCATCTTAAACCAGAAGATTGAGCCGTATATGCCATATGA 

GTTCACATGTGAAGGCATGCTGCAGAGAATCAACGCTTTCATTGAAAAACAGGACTTCT 

GCCATGGCCAAGTGATGTGGCCGCCCCTCAGCGCCCTGCAGGTTAAGCTGGCTGAGCCA 

GGGCAGTCCTGCAAACAGGTGTGCCAGGAGAGCGAGCTCATCTGCGAGCCATCCTTCTT 

TCAACACCTCAACAAGGAAAAGGACCTGCTGAAGTATAAGGTGACCTGCCAAAGCTCAG 

AACTGTACAAGGACATCCTGGTGCCCTCCTTCTACCCCAAGAGCAAGCACTGTGTGTTC 

CAAGGGGACCTCCTGCTCTTCAGTTGTGCCGGAGCCCATCCCACACAGCAGCGGATCTG 

CCCCTGCCGGGACTTCATCAAGGGCCAAGTGGCCCTCTGCAAAGACTGCCTATAGCAT 

CGCTGCCCTGAATTAACTCAGACGGGAAAGACGTGGCTCCACTGGGCAGGGCCAAGGGG 

CACAAAGACATTCAGGGACTCTGACCAGAGCCTGAGATCTTTGGTCCAGGGCTTGAGTT 

TAGTACCGCTCCAGCCACAGCCAGTGCATCCCAGTTTACACCAAAACCACAAGGGAACA 

GGTTAGAACAGGAACCTGGGTTCTCCTCAGTGTAAGGAATGTCCTCTCTGTCTGGGAGA 

TTTTTAAAGAAGGGATAAAAGTCCGGAGACTCATTCAAACTGAAAACAAAACAGGAAGA 
GGGAATTGAGCCAATTGGGAAGGACTTTGGGGCCGATCCTAAACCAATTAATTTATTTA 
TTTGGGAGGATGGGGGCGGGCTCGGGAGGGAGGAGAGGGGTTGAACAGTTTCCTTTTGT 
TCCTCACTGTTAATTCGCCCACCTTCGGGCCCTTCTTGTTCTGCAGCGCCAAGCAGGGT 
GCAGAGGGGCTGTGGCTTGCTTGAGGGGCCACTGTGGGGCTTCACTCCTGGTCACAGGT 
GGCAGCAGAGAAAAGAGATGTCTATAAGCAGGGGGATGTAGCTCAGTTTGTAGAATGCT 
TGCATAGCATAAATGAAGTCCTGGGTTCCATCCCCAGCACCACATAAATGCAGGTAAGA 
AACAGAGTCAGGAGGACCAAGCATTCTCCTTGGCTACATAACAAAAGCAAGGCCTTTGT 
CCCCATGTCTTGGCTACAAGAGACCCTATCTCAGAAAATTGTGGGGGGGAGGGGGGGGG 
AAATGGCCTTGAAAACACAGCCAGTCACTGTCACTGCATTGCCAGAACTGGTGGATCCC 
AGGTGTGCTTGGCAGATAACAGCTAAAAGGCACATAACCTTGGTGGGGAAATAAATGCC 
TGTGGTGTCCTGAGGGCCCCACCAAGTTCCAAAAAAAAAAAA 
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Figure 44 

Gallus gallus iV-acetylglucosammyltransferase VI, GnTrVI; Accession 
AB040608 



MRCSPKRSLTAVIAASFLLLLLLLLLHRGSWQDPQEVQFRDLPSDAVLKILKQGSLHIL 
QDTDNLCALHNISYHLLAGSPLPHKKFLAVGLSSVRRPRGYYLPDTLQSLFKQSSEEEL 
QEMVVVVHLADADPIWNAQVAADISHRFAHHII^RLVLIHTPHEFyPTLEGLKRNYND 
PEERVKFRSKQNVDYAFLFTFAANLSSYYLMIEDDVWSAKSFFTAIRKAVASQEGSNWA 
TLEFSKLGYIGKLYRSSDLPRLARFLLLFYQEMPCDWLLTHFRLLLTQKDVIRFKPSLF 
QHMGLYSSFQGTVNRLEDDEFQADAMDLPDNPPAALFTNMVVFENYEPSKAYSTARGYF 
WGKNPAVGS I FS I VPHQPARVTRVRVQTGSSERPGDFLHAGVLELGRGRRADGRDCSVY 
TTVGTFEKGNLEWRGLEKGMPNPVECVRIRVTQSQSEWLIIQSIGIWTAGT 

Gallus gallus GnT-VI mRNA for AT-acetylglucosaminyltransferase VI, complete cds 

GGCACGAGGCAGAGCCCAGCAGGGACGCTGCCAGGGCCCAAC6CCCCACGAGCCCACAG 

CTGCCCACGCACCCGGCAGACCCAGTTGCATTAATAATGGAAAAATCCCAGGTAAACTC 

AGGAGCCTTTGAGCCTCATGCCATGCCTCTGCTGCGAGGAGAAACGTCTCAAGGGCACT 

AATGTCTCCATGAAGGGCTCTCAGCAGGCCGGCCTGGTGCTATGCGGTGCTCCCCGAAA 

CGCTCCCTCACGGCTGTGATTGCAGCCTCCTTCCTCCTCCTCCTCCTTCTCCTCCTTCT 

GCACAGGGGCAGCTGGCAGGACCCCCAGGAGGTGCAGTTTAGGGATCTACCTTCAGATG 

CGGTCCTGAAGATACTGAAGCAAGGATCCCTGCACATCCTCCAGGACACGGACAACCTC 

TGTGCACTCCACAACATCTCCTACCACCTCCTTGCTGGTTCCCCATTACCCCACAAAAA 

GTTCTTGGCGGTGGGGCTGTCATCAGTGCGACGACCACGTGGATATTACCTCCCAGACA 

CGCTGCAGTCCCTCTTCAAGCAGTCATCAGAGGAGGAGCTGCAGGAGATGGTGGTGGTG 

GTGCACCTGGCAGATGCAGACCCCATCTGGAATGCCCAGGTGGCCGCCGACATCAGCCA 

TAGGTTCGCTCACCACATCCTCCTGGGCCGGCTCGTGCTTATCCATACTCCCCATGAGT 

TTTACCCAACCCTGGAAGGCCTCAAGAGAAACTACAACGACCCAGAGGAGCGGGTGAAG 

TTCAGGTCCAAGCAGAACGTGGATTACGCCTTCCTCTTCACCTTTGCTGCCAACCTTTC 

CTCCTACTACTTGATGATTGAGGATGACGTGTGGTCTGCCAAGTCCTTCTTCACTGCCA 

TCCGCAAAGCTGTGGCCTCCCAGGAAGGCTCCAACTGGGCCACCCTTGAGTTCTCCAAG 

CTGGGCTACATCGGTAAGCTCTACCGCTCCAGTGACCTTCCTCGCTTGGCTCGCTTCCT 

CCTCCTCTTCTACCAGGAGATGCCCTGTGACTGGCTGCTGACCCACTTCCGCCTCCTGC 

TCACCCAGAAGGATGTGATCCGCTTCAAGCCCTCCCTCTTCCAGCACATGGGCCTCTA 

CTCCTCCTTCCAAGGTACCGTCAACCGACTGGAGGATGACGAGTTTCAGGCTGATGCCA 

TGGACCTTCCAGACAACCCGCCAGCAGCCCTGTTCACCAACATGGTTGTCTTTGAGAAC 

TATGAGCCCTCCAAGGCTTACAGCACAGCAAGGGGGTATTTCTGGGGGAAAAACCCAGC 

AGTTGGCAGCATTTTCTCCATTGTCTTCCACCAACCAGCCCGTGTCACCCGCGTCCGGG 

TGCAGACGGGATCCAGTGAGCGCCCTGGGGACTTCCTGCATGCAGGGGTTCTGGAGCTG 

GGCCGGGGGCGGCGGGCTGATGGCCGAGACTGCTCTGTGTACACCACTGTGGGCACCTT 

TGAGAAAGGGAACTTAGAGTGGCGGGGGCTGGAGAAGGGAATGCCCAACCCTGTGGAGT 

GCGTGAGGATCCGGGTGACCCAGAGCCAGAGTGAGTGGCTCATCATCCAGAGCATTGGT 

ATTTGGACTGCAGGCACCTGACCAGGGCTGTGATGGGTCACCACTGTGGTTGGATTTTG 

CTCTAAGAAGAGCTTTATTTTTCTCAGTCCCTTTTTTCGATGGGGAATTAAATTATTCA 

GTCAAACCGGTCCTGCTTGCTGAACGTAGAGGGGTGGCAGGGCAGCTGCGGGGTCTGCT 

TCCTGCACGGAGGTGQACGQGGTTGGCTGTAGGGCCCACTGTGCTGCACCAGACTGGGG 

GATGCTGCAGAAAGCAGTGCCCAGCCCCAGGCTGCAGCCCTACGGCCCATCAGTATGGG 
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Figure 44 (Cont) 

GAAAGTGATGGACAGGCAGCTCTGCATACGCTTTGTGTCCTGATGGAGTGCCAGTTTTC 
GTGCTCCAAGCAGAGTCCTGCTTCCTTTGTACCCCAGTGCCCTTCTTGATGCTTCCTTA 
TGCCCTGACTCA6CTAATTAATTAAAAACGGTGAGTCAATT 
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Figure 45 

Homo Siqpiens GnT-K N-Acetylglucosaminyltransferase DC (GnT DC) 



MITVNPDGKIMVRRCLVTLRPFRLFVLGIGFFTLCFLMTSLGGQFSARRLGDSPFTIRT 

EVMGGPESRGVLRKMSDLLELMVKRiyDAL/UlLENSSELHRAGGDLHFPADRMPPGAGL^ 

ERIQAIAQNVSDIAVKVDQILRHSLLLHSKVSEGRRDQCEAPSDPKFPDCSGKVEWMRA 

RWTSDPCYAFFGVDGTECSFLIYLSEVEWFCPPLPWRNQTAAQRAPKPLPKVQAVFRSN 

LSHLIJJLMGSGKESLIFMKKRTKRLTAQWALAAQRLAQKLGATQRDQKQILVHIGFLTE 

ESGDWSPRVLKGGPLGEMVQWADILTALYVLGHGLRVTVSLKELQSNLGVPPGRGSCP 

LTMPLPFDLIYTDYHGLQQMKRHMGLSFKKYRCRIRVIDTFGTEPAYNHEEYATLHGYR 

TNWGYWISTLNPKQFMTMFPHTPDNSFMGFVSEELNETEKRLIKGGKASNMAVW 

WKLQGKEKFLGILNKYMEIHGTVYYESQRPPEVPAFVKNHGLLPQPEFQQLLRKAKLPI 

GPGFPYEGPAPLEAIANGCIFLQSRFSPPHSSLNHEFFRGKPTSREVFSQHPYAENFIG 

KPHVWTVDYNNSEEFEAAIKAIMRTQVDPYLPYEYTCEGMLERIHAYIQHQDFCRAPDP 

ALPEAHAPQSPFVIAPNATHLEWARNTSLAPGAWPPAHAIjRAWIAVPGRACTDTCliDH^ 

LICEPSFFPFLNSQDAFLKLQVPCDSTBSEMNHLYPAFAQPGQECYLQKEPLLFSCAOS 

NTKYRRLCPCRDFRKGQVALCQGCL 

Homo sapiens GnT-DC mKNA for N-Acetylglucosaminyltraasferase DC, complete cds; 
accession number AB10918S.1 



CTGCTCGCACCAACAAGTTTGAACAATGATCACCGTCAACCCCGATGGGAAG 

ATAATGGTCAGAAGATGCCTGGTCACCCrGAGACCCTTTCGGCTTTTTGTCCT 

GGGCATCGGCTTCTTCACTCTCTGCTTCCTGATGACGTCTCTGGGAGGCCAGT 

TCTCGGCCCCKjCGCCTGGGGGACTCGCCATTCACCATCCGCACAGAAGTGAT 

GGGGGGCCCCGAGTCCCGCGGCGTCCTGCGCAAGATGAGCGACCTGCTGGAG 

CTGATGGTGAAGCGCATGGACCjCACTGGCCAGCjCTCjGAGAACAGCAGTGAG 

CTGCACCGGGCCGGCGGCGACCTGCACTTTCCCCjCAGACAGGATCSCCCCCTG 

gggccggcctcatggagcggatccaggctattgcccagaacgtctccgacat 
cgctgtgaaggtggaccagatcctgcgccacagtctgctcctgcacagcaag 
gtgtcagaagcjccggcgggaccagtgtgaggcacccagtgaccccaagttcc 
ctgactgctcagggaaggtggagtggatgcgtgcccgctggacctctgaccc 
ctcjctacgccttctttggggtggacggcaccgagtgctccttcetcatctacc 

TCAGTGAGGTCGAGTGGTTCTGCCCCCCCJCTGCCCTCKjAGGAACCAGACGGC 
TGCCCAGACK5CK:ACCCAAGCCCCTCCCCAAAGTCCAGGCAGTTTTCCGAAGC 
AACCTGTCCCACCnTCTGGACCTCiATGGGCAGCGCSGAAGG 

AGTCCCTGATCTTCATGAAGAAGCGGACCAAGAGGCTCACAGCCCAGTGGGCGCT 
GGCTGCCCAGCGCCTGGCACAGAAGCTGGGGGCCACCCAGAGGGACCAGAAGCAG 
ATCCTGGTCCACATCGGCTTCCTGACGGAGGAGTCCGGGGACGTGTTCAGCCCTC 
GGGTCCTGAAGGGCGGGCCCCTAGGGGAGATGGTGCAGTGGGCGGACATTCTGAC 
TGCACTCTATGTCCTGGGCCATGGCCTGCGGGTCACAGTCTCCCTGAAGGAGCTG 
CAGAGTAACTTAGGGGTACCGCCAGGCCGGGGAAGCTGCCCGCTCACCATGCCCC 
TGCCCTTCGACCTCATCTACACCGACTACCACGGCCTGCAGCAGATGAAGCGGCA 
CATGGGACTCTCCTTCAAGAAGTACCGGTGCCGAATCAGGGTCATCGACACCTTC 
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Figure 45 (Coot) 

GGGACGGAAdCTGCGTACAACCACGAGGAGTACGCCACGCTGCACGGCTACCGGA 

CCAACTGGGGCTACTGGAACCTCAACCCCAAGCAGTTCATGACCATGTTTCCTCA 

TACCCCCGACAACTCCTTCATGGGCTTCGTGTCCGAGGAGCTCAACGAGACGGAG 

AAGCGGCTCATCAAAGGCGGCAAGGCCAGCAACATGGCCGTGGTGTACGGCAAGG 

AGGCGAGCATCTGGAAGCTCCAQGGGAAGGAGAAGTTCCTGGGCATCCTGAACAA 

ATACATGGAGATCCATGGCACCGTGTACTACGAGAGCCAGCGGCCCCCCGAGGTG 

CCAGCCTTTGTGAAGAACCACGGCCTCTTACCGCAGCCTGAGTTTCAGCAGCTGC 

TGCGCAAGGCCAAACTCTTCATCGGGTTTGGCTTCCCCTACGAGGGCCCCGCCCC 

CCTGGAGGCCATCGCCAATGGTTGCATCTTCCTGCAGTCCCGCTTCAGCCCGCCC 

CACAGCTCCCTCAACCACGAGTTCTTCCGAGGCAAGCCCACCTCCAGAGAGGTGT 

TCTCCCAGCATCCCTACGCGGAGAACTTCATCGGCAAGCCCCACGTGTGGACAGT 

CGACTACAACAACTCAGAGGAGTTTGAAGCAGCCATCAAGGCCATTATGAGAACT 

CAGGTAGACCCCTACCTACCCTATGAGTACACCTGCGAGGGGATGCTGGAGCGGA 

TCCACGCCTACATCCAGCACCAGGACTTCTGCAGAGCTCCAGACCCTGCCCTACC 

AGAGGCCCACGCCCCGCAGAGCCCCTTTGTCCTGGCCCCCAATGCCACCCACCTC 

GAGTGGGCTCGGAACACCAGCTTGGCTCCTGGGGCCTGGCCCCCCQCGCACGCCC 

TGCGGGCCTGGCTGGCCGTGCCTGGGAGGGCCTGCACCGACACCTGCCTGGACCA 

CGGGCTAATCTGTGAGCCCTCCTTCTTCCCCTTCCTGAACAGCCAGGACGCCTTC 

CTCAAGCTGCAGGTGCCCTGTGACAGCACCGAGTCGGAGATGAACCACCTGTACC 

CGGCGTTCGCCCAGCCTGGCCAGGAGTGCTACCTGCAGAAGGAGCCTCTGCTCTT 

CAGCTGCGCCGGCTCCAACACCAAGTACCGCCGGCTCTGCCCCTGCCGCGACTTC 

CGCAAGGGCCAGGTGGCCTTGTGCCAGGGCTGTCTGTGAATCCGCCTCTGCCGCC 

CTGCCTGGCACCCACGCTGGCTCTCTCCTGCCGCGGGAGAAAGCACCAGCAGGTT 
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Figure 46 

ggcgcgccCAGTTCTCTGCTAGAAGATTGGGTGACTCTCCATTCTVCTATTAG 
C 

CAGAGTCC 

AGAGGTGTCTTGAGAAAQATGTCTGACTTGTTGGAGCTGATGGTTAAGAGAATGGACGCTTTGGCTAGATT 
G 

GAGAACTC 

CTCTGAGTTGCAOIGAGCTGGTGGTGACTTACACTTTCCTGC^ 
T 

GGAGAGAA 

TCCAAGCTATCGOlCAGAACGTTTCrGACyVTTGCTGTTAAGGTTGACCSU^ 
T 

TGCACTCT 

AAGGTTTCTGAGGGTAGAAGAGATO^TCTGAGGCTCCTTCTGATCCyUUVGOT 
G 

GTTGAATG 

GATGAGAGCAAGATGGACTTCTGACCCATGTTACGCTTTCTTCGGTGTTGACGGTACTGAGTGTTCTTTCT 
T 

GATTTACT 

TGTCTGAAGTTGAGTQGTTCTGTCCACCTTTGCCTTGGAGAAACCAAAC^^ 
C 

CTTTGCCA 

AAGGTXa^AGCroTCTTCAGATCCAACTTGTCTO^CTTGCTGGACTTGA^ 
G 

ATCTTCAT 

GAAGAAGAGAACTAAGAGATTGACTGCTCAATGGGCTTTGGCTGCACAGAGATTGGCACAGAAGTO 
C 

TACTCAAA 

GAGACCAGAAGCAAATCTTGGTTCACATCGGTTTCTTGACTGAGGAGTCTGGTGACGTCTTCTCTCCAAGA 
G 

TCTTGAAG 

GGTGGTCCATTQGGAGAGATGGTCCAATGGGCTGACATCTTGACTGCTTTGTACGTCTTGGGTCACGGTTT 
G 

AGAGTTAC 

TGTTTCTTTGAAGGAGTTGCAATCTAACTTGGGTGTTCCTCCAGGTAGAGGTTCCTGTCCyVCOT 
C 

TTTGCCAT 

TCGACTTGATTTACACTGATTACCTlCGGTTTGa^CAGATGAAGAGACACATGGGTT^ 
T 

ACAGATGT 

AGAATTAGAGTOlTTGACACTTTCGGTACTGAACCTGCTTACAACCACGAGGAGTACGCTACriT 
T 

TACAGAAC 

TAACTGGGGATACTGGAACITGAACCCAAAGCAATTCATGACTATGTTCCCTCAC^^ 
T 

CATGGGTT 

TCGTTTCTGAGGAGTTCAACGAGACTGAGAAGAGATTGATTAAGGGTGGAAAGGCTTCTAACATGGCTG 
G 

TCTACGGT 

AAGGAGGCTTCTATTTGGAAGTTGCAAGGTAAGGAGAAGTTCTTGGGAATCTTGAACAAGTACATGGAGAT 
T 

CACGGTAC 

TGTTTACTACGAGTCTaU^AGACCACCTGAAGTTCCAGCATTTGTC^ 
C 



wo 2004/074461 



PCT/US2004/005191 



64/68 

Figure 46 (Cont.) 

TGAGTTCC 

AACAGTTGTTAAGAAAGGCTAAGTTGTTCATCGGTTTCGGTTTCCCATACGAGGG^^ 
G 

CTATTGCT 

AATGGTTGTATCTTCTTGCAGTCCAGATTCTCTCCACCTCACTCTTCT^ 
T 

AAGCCAAC 

TTCCAGAGAGGTCTTCTCTCAAOVCCCATACGCTGAGAACTTCATTGGTAAGCCACACGTTTC^ 
A 

CTACAACA 

ACTCTGAGGAGTTCGAAGCTGCTATTAAGGCTATTATGAGAACTaU^GTTGACCC^ 

T 

ACACTTGT 

GAGGGTATGTTGGAGAGAATCCACGCATACATTO^CACCTU^GAerTCTGTAGAG^^ 
G 

CCAGAGGC 

TCACGCTCCACAATCTCCATtCGTCTTGGCTCCTAATGC»ACTaiCOT^ 
T 

GGCTCCTG 

GTGCATGGCCACCTGCTCACGCTTTGAGAGCTTGGTTGGCTGTTCCTGGTAGAGCTTGTACTGACACTTGT 
T 

TGGACCAC 

GGTTTGATTTGTGAGCCS^TCrTTCITCCaiTTCTTGAACTCCC^ 
A 

TGTGACTC 

TACTGAGTCTGAGATGAACCACTTGTACCCAGCTTTCGCACAACCTGGTCAAGAGTG 
A 

GCCTTTGT 

TGTTCTCTTOTGCTGQTTCTAACa^CCAAGTACAGAAGATTGTGTCCATC 
G 

TCGCTTTG 

TGTCAAGGTTGTTTGTAAgcttaattaa 
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Fig. 48 
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Fig. 50 



